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The  following  Lietters  were  begun 

in  France,  in  the  year  1789,  and  were 
continued  from  that  country,  torn 
Italy^  from  Germany,  and  from  Eng- 
land, through  the  years  1790  and 
1791.  Their  principal  objeft  was,  to 
expose  the  fallacy  of  the  atheistical 
philosophy,  and  to  shew  how  little 
support  its  advocates  could  derive, 
either  from  physics,  when  well  un- 
derstood, or  from  metaphysics,  when 
cleared  of  extravagancy.  In  the 
prosecution  of  this  design,  the  Au- 
thor ha&  been  led  inl;o  a  wide  field  of 
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observation  in  various  branches  of 
science  2  and  he  has  often  availed 
himself  of  the  privilege  of  epistolary 
correspondence,  to  make  excursions 
beyond  what  would  have  been  ad- 
missible in  a  systematic  work. 

It  has  been  said,  that  it  is  the  indis-^ 
pensable  duty  of  a  Writer,  either  so  to 
represent  new  things,  as  that  they  may 
appear  familiar;  or  so  to  represent 
familiar  things,  as  that  they  may  ap^ 
pear  new.  The  Author  of  the 
present  work  having  few  pretensions 
to  the  credit  of  discovery,  or 
invention,  will  be  satisfied  if  he 
shall  be  found  to  have  placed,  in  an 
interesting  light^^  fadls  and  truths  al^ 
ready  well  known.  His  aim  is,  merely 
to  bring  into  an  abridgement  the 
scattered  laws  and  ordinances  of  phi- 
losophy, and  to  hazard  an  humble 

commentary 
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commentsLry»  wherever  it  appears  ne*> 
cessaryk 

If,  in  the  progress  of  this  discus-> 
sion^the  Writer  has  been  led^  through 
the  medium  of  physics,  to  ascend  to 
higher  contemplations^  he  has  studi- 
ously avoided  aU  scholastic  subtilty ; 
and  while  he  has  made  a  confident 
appeal  to  the  understanding  of  his 
readers,  he  has  endeavoured,  with  no 
small  degree  of  solicitude,  to  engage 
their  generous  affections  as  advocates 
on  the  side  of  religion. 

That  the  purpose  of  these  Letters 
might  not  be  defeated  through  any 
want  of  ability  in  the  Writer,  and 
that  his  argument  might  not  suffer 
through  any  deficiency  of  materials^ 
recourse  has  been  had  to  every  au« 
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thority  which  has  come  within  his 
reach :  for,  science  being  only  a  con- 
tinual accumulation   of  knowledge 
from  the  contributions  of  individuals,^ 
the  Author  has  consulted  Writers  of 
all  classes  with  diligence,  and  he  is 
willing  to  hope,  without  prejudice 
or  partiality.  He  has  freely  borrowed 
where  it  was  necessary;  and,  in  short, 
has  taken  every  step  that  was  in  his 
power  to  come  at  truth.    It  will,  he 
trusts,  be  seen,  that  he  has  forborne 
the  assumption  of  any  credit,  which 
in  any  respe<5t  appertained  to  an- 
other. Even  in  language,  he  has  been 
so  far  from  wishing  to  dress  up  that 
which  he  has  borrowed  from  others 
in  newer  or  more  appropriate  temjs — 
that  he  has  almost  uniformly  adher- 
ed to  his  text.    Various  expressions, 
an^  even  whole  sentences,  especially 

upon 
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upon  elementary  principles,  he  has 
given  in  the  very  words  of  the  writer 
from  whom  they  have  been  seledted. 
It  has  been,  in  a  word,  his  anxious 
desire,  to  present  his  ideas  and  senti- 
ments to  the  reader  in  such  a  garb, 
as  would  at  once  render  them  most 
striking,  and  most  perspicuous. 

With  the  best  and  fairest  intentions, 
however,  we  are  too  apt  to  fall  into 
errors  and  mistakes,  while  we  are  en- 
gaged in  the  eager  pursuit  of  a  fa- 
vourite objedt.  Should,  therefore, 
the  Author  have  inadvertently  failed 
to  quote,  or  negledled  the  opinion  of 
any  enlightened  philosopher,  in 
whose  footsteps  he  has  with  reverence 
endeavoured  to  tread,  he  has  unaf- 
feftedly  to  solicit  the  indulgence  of 
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the  reader  for  that,  which  he  mu&t 
consider,  as  a  loss  and  a  misfortune 
peculiarly  applicable  to  himself.  For 
accidental  omissions  of  particular  re- 
ferences, the  candid  reader  will  think 
a  general  apology  sufficient. 

In  fine,  as  the  purpose  of  the  fol- 
lowing pages,  is  not  to  intrude  upon 
the  learned  an  unnecessary  repeti- 
tion of  what  they  already  know,  but 
to  point  out  the  paths  of  knowledge 
to  the  less  instrufted,  and  to  excite 
an  attention  to  objefts  in  which  all 
men  are  equally,  and  in  the  highest 
degree,  interested ;  it  is  hoped,  that 
an  attempt  in  so  wide  a  field,  and  in 
so  good  a  cause,  should  it  not  be  en- 
titled to  approbation^  will,  however, 
be  received  with  candour. 

The 
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The  reader  is  requested  to  correct 
the  typographical  and  other  errors, 
which  are  noticed  in  the  errata^  and 
which  were  occasioned  by  the  Au- 
thor's being  frequently  unable  te-at- 
tend  to  the  revision  of  the  Press. 
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AMONG  THE  ALPS, 
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• 

1  REjoicifthat  you  are  at  length  returned 
from  your  tour  into  Italy,  and  that  you  have 
once  again  taken  up  your  abode  in  the  beau* 
tiful  and  truly  philosophic  region  of  Geneva. 
It  is  a  wise  measure.  It  is  placing  your  time 
at  a  profitable  interest.  Health  and  fortune  were 
yours  before.  Nothing  was  wanting  to  fill  up 
the  measure  of  your  riches,  but  that  you  should 
fix  upon  the  spot,  where  you  could  with  facility 
obtain  the  means  of  acquiring  that  knowledge, 
which  you  are  so  eagerly  pursuing,  and  which, 
if  your  perseverance  be  proportioned  to  your 
zeal,  you  will  not  fail  to  attain4 
VOL.  I.  A  X^u 
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You  need  not  be  told,  that  to  a  wise  man,  who 
possesses  a  detcrmmed  spirit  of  industry,  scarcely 
any  thing  in  tfhe  whole  circle  'of  human  know- 
ledge will  appear  unattainable.     Application  is 
all  that  is  necessary ;   but  that,  I  fear,  is  much 
more  fiscquently  wanting  thkn  ability.    We  do 
not  in  general  feel  it  ourselves ;  but,  idleness  is 
the  infirmity  te  whid^,  Aow  all  others,  we  are 
most  apt  to  yield  without  resistance..    Is  there  a 
pursuit  in  which  we  engage,  which  does  not  at 
first  cost  us  a  struggle  wirti  This  secret  foe  ? 
How  few,  in  truth,  are  the  instances  in  which  it 
does  not  subdue  our  best  xosolutions  !     This 
inert  tranquility  of  spirit,  when  indulged,  be- 
comes a  malignant  supineness,  which  lulls  and 
ohcBts'Us  into  sluggish  procrastination.    In  e^ry 
instance  in  which  tt  gains  the  ascendancy,  it  en« 
tails  xipoD  Us  an  irreparable  loss.    In  a  word,  it 
fetters  those  powers  which  were  given  to  man  for 
faetcer  .purposes  ;  and,  as  his  evil  genius,  woulfl 
substitute  itself  in  this  place  of  every  possible 
km&  of  good.     ''  Nous  avons  plus  de  paresse 
dans  Tesprit  que  daas  le  corps,''  said  a  French 
philosopber--*and  be  said  justly. 

In  the  countiy,  where  you  are  now  about  to 

Tecommence  your  amusements  and  your  studies, 

I  need  not  inform  you,  that  you  if^ill  "find,  not 
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only  a  concentrated^  and  an  unique  aggregation  of 
almost  all  the  wonders  of  the  natural  world,  but 
an  industry  and  an  urbanity,  which  render  all 
those  singular  advantages  not  only  pleasing,  but 
of  positive  and  universal  utility  to  mankind. 
Would  you  seek  for  the  awful  and  the  enchant- 
iog,  where  is  the  spot  in  whijch  they  more  pro^ 
fiisely  abound  i  .  Should  less  sublime,  tfaouf^ 
perhaps  move  inscru^ve  pbjefts,  rather  attraft 
your  attention^  where  are  there  governpients  of 
more  liberty-*^eopie  of  more  chearfulness — or 
happiness .  and  plenty  more  equably  diiSused  ? 
Switzerland^  for  here  I  must  include  the  whole 
.ccunpas^  of  the  Hd vetlc  cluun^  is  a  most  capti- 
vating spot !  No  man  of  honest  feelings  can  s^e 
it,  without  gbwing  emotions  of  admiration  and 
delist.  Genius,  for  ages,  has  established  her* 
self  in  this  favourite  spot.  Philosophy  and  li- 
berty se^a  indigsenous  to  the  soil. 
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It  is  a  serious^  and  I  am  not  certain  whether 
it  may  not  be  a  dangerous  sort  of  compaft,  int6 
which  I  have  entered.  To  endeavour  to  satisfy 
all  the  perplexing  doubts  of  a  young  and  a  vi- 
gorous mind,  is  a  task  of  no  small  difficulty.  Be- 
sides,  the  lists  are  not  fairly  arranged  between  us. 
You  decline  the  defensive  part  of  the  combat, 
and  with  all  the  caution  of  a  wily  praditioner, 
propose  to  confine  yourself  to  forcible  and  mer- 
ciless attacks.  But  no  matter ;  the  odds  are  of 
little  consequence.  You  anxiously  call  upon  me ; 
and  as  it  is  in  the  province  of  my  affedtion,  so 
shall  it  be  my  Relight,  to  engage  in  a  contest^  the 
issue  of  which  may  prove  advantageous  to  you. 

From  the  general  tendency  of  your  letters^ 
however,  I  fear  I  have  more  than  common  rea- 
son to  apprehend,  that  from  vivacity,  or  from  a 
fashionable  dislike  to  every  thing  grave  or  serious, 
you  have  contracted  an  habit  of  thinking,  which 
may  plunge  you  mto  error.  As  to  any  cfk6t  so 
latitudinarian  a  bias  may  have  upon  your  moral 
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«QDduA^  on  that  head  I  am  determinately  at 
ease.  The  sterling  integrity  of  your  heart  is 
not  to  be  debased  by  any,  though  the  most  scep- 
tical, alloy.  All  that  concerns  me  is  the  possibi- 
lity, that  this  humour  may  rivet  prejudices,  and 
eventually  deprive  you  of  any  disposition  towards 
fair  investi^tion  and  enquiry.  You  have  now 
traversed  many  countries.  Three  years  constant 
residence  alone  on  the  continent  must  have 
given  you  an  insight  into  men  and  things,  much 
beyond  that  which  has  been  the  lot  of  others. 
But,  with  this  advantage,  for  it  is  certainly  an 
advantage  to  be  allowed  time  to  disperse  the  too 
frequent  illusion  of  first  impressions,  I  think  I  can 
perceive  something  like  an  inconsiderate  pro- 
pensity to  turn  matters  of  weighty  import  inta 
ridicule. 

.  Among  the  nations,  with  whom  you  have  late^ 
ly  passed  your  time,  it  is  certain,  the  mind  ad* 
ventures  farther  than  in  others  less  oppressed  by 
the  hard  yoke  of  clerical  usurpation :  and  the 
reason  is  obvious.  In  a  country,  where  a  man 
has  liberty  to  think,  it  is  not  unfrequent,  indeedj^ 
to  meet  with  persons  who  rejeft  revelation ;  but^ 
in  soils  which  have  been  nourished  by  san- 
guinary superstition,  atheism  has,  I  fear,  always 
had  the  mo«t  luxuriant  growth.    Religion,  se« 

A  ^     ,  ccnded 
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tended  ftfid  e&forced  by  an  intolef ant  so^^er^igfi 
Authority^  through  the  impolitic  abuse  of  it§ 
arrogatfcd  pdwe^,  bends  the  soul  into  a  sullen  and 
discontented  subjeftion.  Powerfully,  howevet^ 
though  silently  irritated  by  so  galling  a  ch^titi^ 
the  collision  of  discordant  sentiments  it  length 
strikes  out  a  flame  of  impetuous  force.  Th^ 
God  which  serves  as  the  prbp  of  a  debasing  sys-^ 
tem,  finally  becomes  as  odiotis  as  the  system  h* 
telf.  Oppression  gives  a  dreadful  etietgy  to  the 
mental  powers.  For  a  time,  indeed,  this  may 
be  stifled ;  or  it  may  at  least  be  conWaled  from 
the  watchful  eye  of  the  jealous  tribunal.  But 
Where  is  the  understanding,  which  in  an  enlight*^ 
ened  age  can  rest  its  hope  and  belief  on  a  ter* 
rible^  a  cruel,  and  revengeful  Deity  ? 

As  one  extreme  begets  another,  atheism  may 
then  fdiriy  be  considered  as  the  natural  produdion 
df  superstition  and  enthusiasm.  Each  is  a  dis«- 
tin<%  specie  of  lunacy.  The  religious  cnthu- 
kiast^  graVe  and  severe,  believing  every  thing, 
tmd  groaning  and  sighing  from  the  very  princi- 
ples of  his  bfelief>  long  broods  over  his  fanatical 
conceptions.  The  part>xy sm  of  bigotted  phrenzy 
dt  tength  turns  his  brain ;  he  then,  most  deeply 
and  perniciously  insane5  premeditates  mischief. 
As  a  spiritual  Quixote,  he  growfe  enamoured  of 

visionary 
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irtssbMry  sbforditMS.  He  acacchei  about  for  op- 
pooems  to  his  doftrine  :  he  traverses  the  wkok 
circle  of  human  imfaecilitty  and  distni&»ii :  he 
braises^  bceratea^  and  famishes  his  aim  ucifeur- 
tiuttte  fnune  ;  and  as  a  consisteBC  tesixiinatioa  of 
the  delbium,  aodt  a&mated  as  he  thinks  by  the 
^roe  sprrit  of  Grod^  he  bufns  and  destioys  a)l 
odiers  of  hb  fellow  creatures^  who  are  so  bias- 
phemous  as  to  differ  fiom  bkn  in  opinion. 

When  all  these  horrors,  with  as  endless  cata- 
k^;iie  of  attendant  evils,  are  seen  to  (^igkiaee  from 
implicit  faith,  it  is,  I  fear,  most  natural  for  the 
human  mind  to  set  up  a  new  idol  oi  its  own. 

Gaiety  and  pleasure,  says  the  voluptuary,  are 
more  befitting  man,  than  weeping  and  gnashing 
of  teeth»  Let  this  wretch  groan  and  sigh  for  re- 
ligion and  its  mysteries ;  to  me  they  are  indif- 
ferent and  of  no  concern.  The  way  of  truth  is 
plain ;  and  I  want  not  a  priest  to  point  it  out  to 
me.  The  votary  of  religion  is  the  blind  instru- 
ment, which  craft  uses  to  establish  imposition  on 
the  world.  Thus  they  both  of  them  rave,  and 
deviate  from  the  rules  of  common  sense.  The 
one  is  gloomy  and  ferociously  distraded ;  the 
other  is  noerrilyi  but  perhaps  not  less  fraatidy 
mad* 

A  4  You 
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You  Will  pardon  me,  I  am  sure,  for  this  serioui 
kind  of  exordium.  I  mean  it  not  as  an  imper- 
tinent obtrusion  on  your  own  good  sense.  It 
flows  from  me  merely  as  a  general  point,  prepa<-  - 
ratory  to  the  reasoning,  which  I  shall  endeavour 
to  estaUish  on  broader  grounds,  in  the  subse- 
quent part  of  our  correspondence.  Voltaire, 
Mirabeau,  Helvetius,  and  many  others,  whose 
works  you  have  evidently  studied,  have  fatally 
decked  the  plains  of  libertinism  with  bewitching 
an4  fascinating  flowers.  Wit,  brilliancy,  and 
in  many  instances,  strong  argument,  these  wri-^ 
ters  certainly  possessed  :  but  they  should  not  be 
looked  upon  as  infallible.  When  they  set  them- 
selves up  as  dictators,  it  should  be  remembered, 
that  thi^ir  keenest  shafts  have  been  levelled  at  the 
struftures  which  have  been  reared  on  the  belief 
of  the  being  and  attributes  of  Qod.  This,  if 
nothing  else,  should  put  us  upon  our  guard. 
Pleasantry  and  merriment  are  little  suited  to  mo* 

» 

Qientous  s^nd  sublime  speculations. 

In  one  of  your  last  letters,  you  tell  me,  the 
system  of  atheism  is  the  natural  fruit  of  much 
and  continued  study,  in  a  mind  cooled  by  reason 
and  by  experience.  The  quiet  Epicurus,  you 
$ay,  never  troubled  Greece.  The  poem  of  Lu- 
cretius did  not  cause  the  civil  wars  at  Rome. 

Bodin 


tETTER  Ii;  9 

was  not  the  author  of  the  League.  The 
Stings  of  Spinoza  excited  not  in  Holland  trou* 
hles^  like  those  which  were  occasioned  by  the 
disputes  of  Gromar  and  Arminius.  Hobbes  did 
HOC  cause  blood  to  flow  in  England^  when  at 
the  very  moment  religious  fanaticism  brought 
a  king  to  the  scaffold.  And  you  conclude  your 
enumeration  in  these  remarkable  words^  '^  Athe- 
ism leaves  men  reason^  philosophy^  natural 
piety^  laws^  reputation^  and  all  that  can  serve  as 
a  gpide  to  virtue ;  but  superstition  destroys  them 
all.  Atheism  never  troubles  a  state^  but,  it 
makes  a  man  more  provident  for  himself,  seeing, 
as  he  does^  nodiing  beyond  the  limits  of  this 
life." 

In  reply  to  this,  I  shall  for  the  present  be 
brief.  I  shall  leave  to  a  future  opportunity  the 
consideration  of  this  seducing  but  erroneous 
principle.  An  unqualified  reprobation  is  all 
that  I  shall  now  bestow  upon  it ;  and  that  too 
merely  from  the  horror  I  feel,  at  the  thought  of 
emancipadng  frail  beings  firom  the  obligation  of 
answering  to  their  Maker  for  their  conduft,  and 
at  the  apprehension  of  their  reducing,  as  has  been 
expressively  said,  all  their  affeiStions  to  a  secret 
egotism,  as  prejudicial  to  virtue  as  to  liberality. 
Whether  there  be,  or  there  be  not  another  life, 

the 
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fhe  belief  of  it  caimot  be  injurioos  tamaa^  either 
now  or  hef  eafter.  To  console  ourseives  with,  the 
hope  of  k^  b  St  least  to  do  boaow  to  huBiaa 
liacure.  It  caanoc  be  looked  vpok  as  a  hxitj 
freakness,  to  believe  that  to  beprobdble^  for 
frhich  probabkreasons  may  be  a3Ugiied^  and  whea 
it  is  our  highest  interest  cbac  k  should  be  tnoci 
If  I  am  to  be  miscaken^  kt  me  be  mistaken .  in 
the  adoptioa  of  an  opimooy  whkh  has  for  its 
cbjeft  the  good  of  mankind.  ^^  Id  primunfi  ita 
esse  velim ;  deinde,  etianni  non  sit^  mhi  per- 
suaderi  tamen  Telim/'  * 

It  is  said^  that  the  most  religious  men  are  in 
general  the  most  inflexible  misanthropes ;  that 
they  are  useless  to  the  world,  and  injurious  td 
themselves.  I  will  grant  k — ^but  wkh  this  ex* 
ception,  that  it  be  really  confined  to  a  bigotted 
and  unenlightened  order  of  religious  men.  Among 
these^  indeed,  energy  of  mind  is  often  manifested 
in  voluntary  mortification  and  sirring.  Bar- 
barous and  slow  self  destrudion  is  celebrated 
as  the'  acm^  of  great  and  sublime  piety.  In  a 
word,  they  chaunt  forth  their  God  as  a  being  of 
goodness  and  mercy,  and  yet  aim  at  the  acquisi- 
cion  of  his  favour,  as  if  he  were  a  demon  of  in- 
satiable ferocity,  I  will  farther  acknowled^,  it 

is 
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U  noft  Decenary  to  cowmtt  homicide  on  ooe^s 
9t}f^  ih  order  to  be  virtuous.  Real  merit,  ot 
txrcue>  depends  on  a  propel*  kno^kdge  of  justico 
aild  on  a  firmness  of  reason^  capable  of  direfhmg 
«s  in  the  managament  of  our  afie£l:ions.  Hd  who, 
tired  of  the  struggles  of  this  life,  finishes  thd 
quarrel  fay  a  pistol^  is  cdlkd  a  Hitd^man  i  buty 
he  who,  st^gered  by  such  brief  procedure,  takei 
daily )  for  the  love  of  God^  a  dose  of  poison^  which 
akiwly.but  infallibly  conduds  him  to  the  t^xnb, 
is  he  less  a  fool  than  the  former  ?  If  suicide  be 
a  criihe,  what  matters  it  whether  a  tttan  kill 
himflclf  by  fasting  and  praying,  or  by  subllfflaoi 
or  arsenic  ?  Id  an  instant^  or  in  a  dozen  years  > 
This  is  but  a  dispute  on  the  taahner^  and  not  on 
the  crime  itself. 

He  nvho  shuns  the  world  for  the  sake  of  reli^ 
gion,  assuredly  draws  fit>m  the  common  stock  6f 
hum^ity  that  which  he  owes  to  k.  '^  CoiHe, 
holy  f eduscj**  says  the  phik>sopher,*  ^«  suspend 
ibr  a  moment  the  intettMness  of  your  meditations^ 
and  deign  to  be  undeceived  by  a  man  of  th* 
world.  I  have  passions,  and  I  should  be  sorry 
to  be  without  them^  Mo§t  fervently  do  I  love 
my  Ckxl,  my  kiiig,  mycoumry^  my  parents,  my 

friendfi 
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friends^  my  wife^  my  chUdren^  and  myself.  I 
look  upon  riches  with  satisfaftion.  I  have 
store  by  me^  and  yet  I  should  not  be  displeased 
with  more.  For  can  a  man  who  wishes  to  do 
good  be  in  possession  of  too  much  ?  What  de- 
light does  it  give  a  good  man  to  animate  those 
talents,  which  he  sees  languishing  in  obscurity ! 
What  joy,  to  unite  that  pair  whom  indigence 
alone  keeps  separate  !  It  is  true,  I  meet  with  in- 
gratitude. What  then  ?  My  heart  warms  to« 
wards  my  fellow  creatures.  Pleasures  that  are 
innocent  I  love«  I  quit  them  as  seldom  as  I  can* 
From  the  table,  less  sumptuous  than  delicate,  I 
go  to  the  opera,  or  to  the  play.  I  guard  myself 
with  all  my  might  from  gloomy  reflexions. 
Hope  and  tranquility,  inseparable  companions 
of  honesty,  condudk  me  by  the  hand,  through 
flowery  meads,  towards  that  bourne  whence  no 
traveller  returns.  And  think  you,  your  end  will 
be  more  tranquil  or  comfortable  than  mine? 
Conscience  will  not  then  trouble  me ;  for  at  the 
worst,  I  have  not  been  unuseful  to  my  country, 
my  family,  or  my  friends," 

This  wordly  yet  rational  address  to  the  mise* 
jrable  Frere  de  la  Trappe,  or  the  Chartreux,  is 
not  assuredly  overcharged.  It  is  nothing  but 
common  sense^  did:ated  by  sane  and  common 

feelings. 
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feelings.    But  it  is  too  frequentl/  thfflptehed 
lot  of  men,  to  take  less  pains  to  make  themselves 
happy,  than  to  be  thought  so.     Tljis  we  have 
both  of  us,  in  a  thousand  instances,  s^en  exem- 
plified.   In  arguing,  if  you  recoUeft,  with  very 
respeftable  though  too  rigidly  professional  men 
of  the  Catholic  Church,  not  only  in  Italy  but  in 
France,  on  this   subje£t,  we  uniformly  found 
them  inflexibly  tenacious  in  their  opinion.  That 
though  we  have  all  the  same  God,  the  same  be- 
ginning, the  same  wants,  and  the  same  end,  yet 
chat  man  was  evidently  born  to  be  a  stranger  to 
Qian ;  and  that  the  less  we  afted  as  men  in  this^ 
state  of  existence,  the  more  we  should  be  re- 
warded as  seledt  objeds  of  divine  favour  in  an- 
other. 


LET- 
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There  k  no  nveakn^^  more  common^  nor 
axrjr  one  toor^  illiberal,  chw  that  of  an  indbcri- 
minate  «neer  at  rdigious  jin^dtuticm^.  How  few 
are  there  ^of  us^  who  pr-eviovsly  cQOfiid^  the  re- 
lative and  political  situations  of  the  countries  id 
which  such  religions  are  established  !  Proud  of 
a  self-assumed  authority  to  Judge,  we  venture  up- 
on a  superficial  glance,  to  condemn  aU  professions 
and  all  professors.  But,  can  there  be  any  thing 
more  ungenerous  or  unjust  ?  Can  there,  let  me 
ask,  be  any  system  of  faith  or  of  praftice  so  to-* 
tally  defedive,  as  to  be  in  all  its  parts  deserving 
of  contempt  ?  Or,  however  contrary  to  our  own 
way  of  thinking,  can  there  be  any  body  of  spiri- 
tual teachers,  who  merit  nothing  but  ridicule  and 
censure  ? 

Besides  their  unbounded  claims  to  temporal 
as  well  as  spiritual  dominion,  and  their  abjcdt  and 
comfortless  austerities,  many  puerile  subtleties,  it 
must  be  confessed,  have  disgraced  the  charaftcr 
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of  certidn  orders  of  the  priesthood .  In  attempt- 
ing to  illustrate  th^r  principles,  they  have,  in 
many  instsaces,  extinguished  the  vety  spirit  of 
their  leligion.'  They  have  thought  it  necessary 
to  employ  the  aid  <3i  science  in  propping  up  a 
sacced  edifice,  oonfessedly  raised  by  Godiiimseif. 
In  a  word,  learned  pride,  with  inflated  tyranny 
and  anrogance,  hscve  been  substituted  in  the  place 
of  ^Clicistian  lusaiility  and  forbearance ;  and  the 
sublime  simplicity  of  their  master's  laws^  has 
been  lost  in  scholastic  refinement. 

Notwithstandu^  tbis^  as  the  religion  of  every 
country  makes  a  great  part  in  its  political  fabric* 
it  is  neither  candid  nor  dignified  to  run  into  the 
iadiionable  pradtice  of  exposing  the  profession, 
the  persons,  and  the  charafters  of  priests.— 
Throughout  Europe,  the  generality  of  the  clergy 
lead  virtuous  and  pious  lives ;  at  least,  few  of 
them  are  notoriously  vicious.  In  their  education, 
they  necessarily  become  instrudted  in  various 
branches  of  knowledge.    As  to  their  calling, 
surely  it  is  not  a  contemptible  one.  The  subject 
of  it  is  'God  and  truth ; '  and  the  end  at  which  it 
aims  is  the  peace  and  the  happiness  of  mankind. 
But,  not  to  confine  ourselves  to  the  present  mo- 
ment, or  to Christianground,  cast  a  retrospeft 
on  the  mychobgically  hallowed  soil  on  which 
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you  have  receDtly  been  travelling.  From  thcr 
c6mmencenient  to  nearly  the  conclusion  of  the 
Roman  empire,  the  king  was  always  priest  or 
pontifex.  Mncas,  says  tradition,  was  sacrorum 
rex^  or  pontifex.  Julius  Caesar  by  deftion  be-* 
came  high  priest ;  so  did  Augustus ;  and  the  em* 
perors  were  so  of  course,  in  consequence  of  their 
office ;  Gratian  being  the  first,  even  of  the  Chris- 
tian emperors,  \yho  refused  the  title  of  Pontifex 
Maximus.  And  hence,  as  it  has  been  remarked^ 
it  is  well  for  free-thinkers,  classical  ones  in  par^ 
ticular,  they  live  in  times  when  liberty  is«o  well 
understood  as  it  is  at  this  day  among  us  ;  for  had 
they  lived  in  the  boasted  days  of  Pagan  freedom, 
he  among  them  had  been  fortunate,  who  should 
have  escaped  a  character,  esteemed  by  their  favou* 
rite  ancients  the  most  infamous  of  all,  that  of 
an  enemy  to  the  religion  of  his  country. 

As  a  brilliant  elucidation,  let  me  intreat  you 
to  cast  your  eyes  on  the  enlightened  and  truly 
resped;able  Clergy,  by  whom  you  are  at  present 
surrounded.  They  afford  a  delightful  speftacle, 
and  lead  to  a  veneration  of  the  system  which 
can  produce  such  benevolent  and  such  able  pas- 
tors. Nor  let  OTedileftion  for  the  reformed 
church  be  supposed  to  aftuate  me  to  this  opinion. 
Hear  what  a  Roman  Catholic  says,  not  only  of 

the 
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the  Clergy,  but  of  the  whole  Helvetic  nation. 
Treating  of  the  dreadful  carnage  and  destrudion 
caused  by  the  difference  of  opinions  in  religion 
at  a  memorable  sera,  the  Author  of  UEsprit 
ie  la  Ligue  has  these  words : — ^^  Les  Suisses 
furent  peut-^tre  les  seuls  qui  s'armerent  par 
un  vrai  zele  depouill6  de  tout  motif  humain. 
La  Dodrine  Catholique  et  celle  de  Zuingle 
curent  leurs  bornes  assignees ;  et  les  efforts 
qu'elles  ont  faits  reciproquement  dans  la  suite 
pour  les  passer^  ont  toujours  it€  r6prim6s  sans 
guerres  civiles."  Such  then  being .  the  case, 
when  intolerance  had  reared  its  monstrous  head 
almost  universally^  what  must  not  their  charader 
be  now,  when  among  nations  of  the  purest  re- 
ligious liberality,  they  still  hold  a  conspicuous 
and  eminent  situation  ? 

It  is  an  erroneous  opinion,  that  sequestration 
from  the  world,  and  a  total  derelidion  of  all 
pleasures  and  all  business,  are  essential  to  the  full 
and  powerful  exertion  of  our  mental  faculties. 
The  man  who  has  received  from  nature  a  sound 
and  discriminating  judgment,  and  who,  as  a 
stock  of  materials  on  which  to  exercise  his  fa- 
culties, has  acquired  a  fund  of  useful  know- 
ledge, cannot  be  deprived  of  his  ability  and 
inclination  for  study,  by  any  adive  pursuits  for 
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the  benefit  of  society^  or-by  any  lassitude  or  fa- 
tigue from  public  employments.  An  ardent  and 
a  versatile  mind  will  find  moments  for  study 
and  for  amusement^  as  well  as  for  business* 
Trying  its  force  on  variety^  its  keenness  and 
assiduity  will  increase.  Pleasure  springs  from 
the  source  of  unfettered  scientific  investiga-* 
tion ;  and  stability  of  strength  from  the  exer* 
tion  of  our  faculties.  Men  of  feeble  parts,  I 
confess,  are  not  to  be  included  in  this  number. 
I  speak  of  those  seleft  and  exalted  minds, 
**  quos  ardens  evexit  ad  sethera  virtus."  But, 
retirement  is  hr  from  being  indispensably  requi- 
site. Cicero,  Xenophon,  Caesar,  Bacon,  De 
Thou,  and  a  variety  of  others,  not  only  did 
more,  but  thought  more,  and  wrote  more,  than 
any  mistaken  recluse  that  ever  existed.  But, 
thrift,  and  frugality  in  the  disposition  of  time, 
are  points  which  are  in  that  case  absolutely  ne- 
cessary. Careful  and  undissipated  in  the  appli- 
cation of  them,  a  man's  hoard  will  so  rapidly 
increase,  that  in  the  end,  he  Will  have  accumu- 
lated a  stock,  not  only  adequate  to  every  com- 
mon demand,  but  amply  sufficient  for  every  fu- 
ture contingency. 

We  sometimes,  however,  meet  with  a  man 
who  drones  away  his  existence ;  and  who,  even 

z  in 


LETTER   IV,  ig 

in  the  bustle  of  the  worlds  is  as  thoroughly  in- 
terred, as  though  he  were  irrevocably  fated  to  a 
residence  six  feet  under-ground ;  who  is  still,  if 
possible,  more  to  be  commiserated  than  he  who 
devotes  himself  to  the  austerities  and  penance 
of  a  cell.  Such  a  living  dead  man  is  a  wretched 
being.  He  neither  has  intelle£kual  satisfadions, 
which  forcibly  give  birth  to  the  social  afifedtions ; 
fior  has  he  even  imaginary  plans, ,  to  sooth  him 
with  the  prospcft  of  eventual  retribution  or  re- 
ward. Such  an  animated  nothing  is  pestiferous. 
The  contagion  of  his  baneful  apathies  has  an 
enfeebling  and  unhinging  power,  like  that  of  the 
Sirocco  wind,  so  fatal  to  animal  vigour  in  the 
soudi  of  Italy.  No  blow  which  aftive  virtue 
can  leceive,  can  destroy  her  native  energy. 
Stonns  and  tempests  may  howl  around,  she  is 
still  hersdf :  in  the  midst  of  every  gloom,  she 
is  still  irradiated  by  her  own  native  splendor. 
The  warm  and  properly  tempered  af!e£kions  are 
in  every  instance  the  soothers  of  melancholy, 
the  counter  poises  to  ill-humour,  and  I  had  al- 
most said,  the  panacea  for  bodily  disease. 
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In  the  full  persuasion^  that  a  little  cool  re** 
fleftion  on  the  subjefk  of  our  late  correspondence 
might  have  diverted  you  from  the  unfavourable 
impression  you  had  imbibed^  not  only  relative  to 
priests,  but  even  to  religion  itself,  I  had  foitned 
the  resolution  to  have  given  up  the  discussion* 
But,  you  press  me  to  be  more  explicit.  You 
frankly  confess  the  present  bias  of  your  mind ; 
though,  at  the  same  time,  you  candidly  acknow- 
ledge it  to  be  open  to  conviftion.  I  am  de-v 
lighted  with  this  ingenuousness,  and  I  will  repay 
it,  if  it  lie  within  the  compass  of  my  abiiitiesf. 

For  the  present,  however,  I  shall  wave  any 
clos6  investigation  bf  the  principles,  which,  I 
had  supposed,  might  have  been  sufficient  for, 
at  least,  your  general  conviction.  Tl^e  igno« 
rant,  the  unexperienced,  and  consequently  the 
superstitious  man,  we  will  leave  in  his  cell. 
There,  let  the  winds  whistle  round  him;  the 
lightnings  dart,  and  the  thunder  roar :  bent 
down  with  terror  and  apprehension,  he  will 
3  shrink 
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shrink  into  himself;  and  mumbling  over  his 
prayers,  will  tremblingly,  and  without  a  friend  or 
child  to  cherish  him^  repose  upon  abstra£t  spe 
culations,  and  incomprehensible  mysteries.  Nei- 
ther will  we  dwell  any  longer  upon  moral  redi- 
tude,  and  that  which  is  supposed ,  if  not  by  every 
one  acknowledged  to  be,  unequivocal  human 
happiness.  Pleasure,  riches,  power,  we  will 
leave  to  those  who  search  after  them,  and  the 
number  is  not  inconsiderable.  The  felicity  of 
life  must  speak  for  itself.  How  the  case  really 
stands,  every  one  will  insist  upon  being  the  best 
judge  himself.  This,  however,  I  thmk  is  clear,, 
that  good,  in  fair  comparison,  would  be  found 
equal,  if  not  paramount  to  evil,  were  we  as  ac- 
curately to  sum  up  the  number  of  blessings,  as 
we  are  rigidly  severe  in  the  enumeration  of  af- 
flictions. How  few  are  there,  who  balance  the 
eagerness  of  hope  by  the  calmness  of  resigna- 
tion ;  the  inclination  to  pleasure  by  the  didates 
of  discretion !  Our  disappointments  too  fre- 
quently originate  with  ourselves.  In  our  expec- 
tations we  are  immoderate;  in  our  estimates;^ 
seldom  impartial* 

At  this  moment,  however,  and  before  we  en- 
gage in  either  physical  or  metaphysical  specula- 
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tions^  let  me  suppose  you^  for  an  instant^  di« 
vested  of  all  immediate  and  Irelative  considera- 
tions of  self.  Stripping  the  subjeft  we  are  to 
discuss  of  all  delusion  and  imposition,  let  me 
imagine  you  surveying  the  universe ;  and  to  the 
utmost  extent  of  your  finite  ideas,  endeavouring 
to_trace  a  link  of  that  infinite  chain^ which  binds 
the  universe  together.  In  this  survey,  how 
much  more  elevated  and  edifying  should  we  find 
it,  to  attempt  a  sketch  of  the  history  of  the 
globe  itself,  than  to  mark  the  petty  revolutions 
of  its  inhabitants.  Though  of  undoubted  conse- 
quence to  those  involved  in  the  struggle,  yet  of 
what  moment  is  it  to  us  in  our  emancipated  flight, 
to  know,  that  in  certain  divisions  of  the  earth,  cer- 
tain sovereigns  have  held  the  supreme  command, 
and  that  there  they  fought  and  extirpated  half 
the  race  of  man  ?  Such  affairs  as  these  have  ever 
been  looked  upon  as  the  little  under-plots  in  the 
tragi-comedy  of  the  world.  But  the  rise  and  fall, 
the  various  revolutions  of  an  entire  and  habitable 
globe  ;  how  God  hath  varied  nature,  and  hath 
benignly  adapted  to  a  material  form  an  intellec- 
tual mind — these  are  sublime  contemplations; 
they  lead  us  to  a  faint  and  distant  view  of  his 
providence,  and  amply,  in  the  result,  repay  us 
for  the  investigation. 

The 
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The  great  Roman  orator,  whose  eager  re- 
searches were  neither  restramed  by  time,  nor 
bounded  by  space,  contemplating  the  natural 
state  of  this  earth,  bewildered  himself  in  the  wily 
maze  of  the  inextricable  labyrinth,  nor  knew 
where  he  was  to  fix,  nor  how  he  was  to  establish 
even  conjeftural  hypothesis.  Hence  Sulpicius 
also,  on  his  return  from  Asia,  and  having  in  the 
course  of  his  voyage  seen  JEgina,  Megara,  the 
Piraeeus,  and  Corinth  in  ruins,  expresses  himself 
to  Cicero,  ^^  And  shall  we,  short-lived  creatures 
as  we  are,  bear  with  impatience  the  death  of  our 
fidlows,  when,  in  one  single  view,  we  behold  the 
carcasses  of  so  many  lately  flourishing  cities  ?'' — 
Thus,  if  common  dilapidations,  such  as  these, 
are  capable  of  impressing  the  soul  with  awe,  in 
what  temper  of  mind  are  we  to  refled:  on  the 
ruins  and  disasters  of  a  world  ?  Mont  Blanc, 
which  now  so  tremendously  rises  above  you,  was 
once  covered  by  the  sea»  The  very  highest 
point  of  the  present  earth  was  once  a  part  of  the 
bed  on  which  the  waters  rested.  How  grand^ 
how  sublime  the  idea ! 

These  are  the  objects, .  which  it  is  delightful, 
which  it  is  instruftive  to  dwell  upon.  The 
mountains  of  the  earth,  the  caverns  of  the 
acean,  the  host  of  the  innumerable  globes  that 
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roll  through  the  regions  where  the  stars  inhabit ; 
these  are  lofty  and  most  worthy  speculations. 
From  the  things,  we  pass  to  the  Maker,  and  we 
glorify  Grod  and  his  greatness.  In  admiration 
and  incomprehensibility  we  are  indeed  lost ;  but^ 
we  are  supported  by  enthusiasm  and  by  grati- 
tude. The  excess  may  be  overbearing,  but  the 
immediate^  if  not  the  ultimate  joy,  is  infinite. 

As  the  first  and  the  preparatory  measure,  there* 
fore,  let  us  in  imagination  rend  from  this  earth 
its  cities,  its  towns,  and  its  inhabitants.  As  one 
bold  and  inartificial  whole,  unstocked  with  ani- 
mation, let  us  contemplate  its  shajpe,  its  nature, 
and  its  parts  :  undressed,  uncultivated,  and  un- 
adorned, teeming  with  various  blessings,  but  still 
attended  with  supposed  imperfe£tions,  let  it  pass 
before  us  in  calm  and  unprejudiced  review.  The 
mist  of  error  which  too  frequently  distorts  our 
vision,  when  we  are  durselves  as  principals  con- 
cerned, will  thus  be  removed ;  and  we  shall,  in 
our  speculations,  follow  the  guidance  of  nature 
and  'reason,  without  being  disturbed  by  those 
storms  of  passion,  by  which  human  reason  is 
tossed  to  and  fro  in  the  vast  ocean  of  opinion. 
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In  the  line  which  I  shall  lay  down,  for  our 
future  investigations^  (for  I  must  still  request  your 
permission  to  postpone  them  for  a  short  time)  1 
shall  endeavour  to  the  utmost  of  my  power,  to 
avoid  that  extravagant  delirium,  which  too  fre- 
quently impels  men  to  the  creation  of  visionary 
systems.  Such  flimsy  fabrics  of  fancy  are  too 
often  substituted  in  the  room  of  plain  realities. 
An  attempt  to  disperse  them,  is  to  the  irritable 
mind  of  their  respeftive  builders,  as  much  an 
objeft  of  dread,  as  if  they  were  not  the  illusory 
offspring  of  the  imagination.  By  us,  how- 
ever, a  different  path  must  be  pursued.  We 
shall  rarely  touch  upon  any  thing,  but  that  which 
we  can  see ;  nor  shall  we  in  any  instance,  I  hope, 
be  dete&ed  in  endeavouring  to  be  thought  to 
see  more,  than  that  which  has  a  real  existence. 

It  is  a  truth,  however  humiliating  it  may  ap* 
pear,  that  with  all  our  knowledge,  we  are  in 
most  unequivocal  darkness.    With  infinite  faci- 
lity 
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Iity  we  make  worlds ;  we  even  compose  and 
string  together  whole  planetary  systems ;  but  yet 
can  we  say  how  the  common  surface  of  the 
earth  was  formed,  or  how  it  was  furnished  with 
fruits,  with  pulse,  and  with  that  vast  variety  of 
nutritious  aliment,  so  providentially  supplied  for 
the  support  of  animal  life  ?  Can  the  deepest  of 
our  philosophers  determine,  whether  plants  were 
created  in  their  seed,  and  so  dispersed  throu^ 
the  elements  which  had  energy  to  push  them 
into  being ;  or  whether  they  were  planted  in 
their  pristine  soils  iq  the  fulness  of  beauty  and 
maturity  ?  Of  the  most  familiar  obje&s  we  are 
in  total  ignorance.  Why  then  do  we  idly  and 
presumptuously  venture  beyond  our  line  >  The 
mind  that  rushes  beyond  what  experience,  or 
what  common  sense  renders  comprehensible^  b 
most  indisputably  deranged,  if  not  aftually 
insane* 

Notwithstanding  this  impenetrable  barrier  be* 
tween  the  creature  and  the  Creator,  proud  man, 
full  of  arrogance  and  weakness,  and  in  no  one 
instance  more  conspicuously  so,  ventures,  within 
the  narrow  boundaries  of  his  closet,  to  explain 
and  account  for  the  mighty  fabric  of  the  uni*  - 
verse,  how  it  was  drawn  together,   and  even 
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what  it  was  at  its  origin.*  Thus  do  philosophers 
'  wander  in  the  mazes  of  error.  The  compass 
traces  out  the  geometrician's  world  ;  salts  fly  to 
the  chymist*s  aid ;  and  to  the  mineralogist^  fire 
and  its  raging  properties.  Each,  in  a  word^  in* 
terprets  the  operations  of  nature,  agreeably  to  the 
art  with  which  he  is  the  best  acquainted* 

In  adverting  to  circumstances  of  this  nature, 
the  celebrated  Boerhaave,  not  many  yean  ago, 
conceived  it  to  be  useful  to  lay  down  certain  pre* 
established  data,  in  palpable  and  fiat  contradio- 
tion  to  the  opinions  at  that  time  fashionable,  of 
destrudions,  regenerations,  and  transmutations. 
He  levelled  indeed  his  doftrines  chiefly  against 
the  alchy mists.  But,  as  what  he  then  said,  must 
invariably  continue,  to  hold  good,  I  shall  give 
you  an  idea  of  it,  and,  as  nearly  as  possible  in 
hb  own  words*  First,  he  alleges  that  there  are 
several  elementary  bodies  o£  such  simplicity, 
that  no  person  can^either  separate  or  assign  the 
principles  of  them.  Secondly,  That  besides  the 
four  elements  which  are  known,  salt  is  of  the 
same  simplicity,  and  does  not  vary  otherwise 
than  by  its  associations  with  other  natures. 
Thirdly,  That  metals,  quicksilver  included,  axe 
all  of  an  equal  simplicity,  entirely  dilSerent  among 
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themselves^  and  absolutely  difTerent  from  all  the 
other  natural  bodies.     Fourthly,  That  pretend- 
ing, to  form  a  metal,  with  a  matter  that  has  no- 
tbir^  metallic  in  it,  by  a  transmutation  of  parts, 
is  being  as  far  from  truth,  as  earth  from  heaven. 
Fifthly,  That  such  as  these  bodies  are  in  a  large 
bulk,  such  they  are  found  again  in  the  smallest 
parcel.     Sixthly,  That  all  impulsions  and  at- 
tradtions  may  blend,  and  mingle  the  elementary 
natures  together,  vary  them  by  these  mixtures, 
amalgamate,  divide,  and  make  them  fine  so  as 
not  to  be  perceptible ;  but  that  all  simple  natures 
remain  indestruftible,  and  unshaken  by  any  ac- 
tion whatsoever  of  what  is  created.     Whence  it 
follows,  that  even  chymistry,   which  employs 
natural  agents,  cannot  go  farther  than  the  force 
of  these  agents  will  admit,   and  is  confined  to 
the  uniting  or  disjoming  of  natures  already  made; 
but  can  neither  destroy  what  exists,  nor  change 
it  into  what  it  is  not^  nor  produce  a  single  grain 
of  a  new  nature.     "  Chemia  adunat  vcl  separat, 
nee  datur  tertium  facere  quod  possit.'*    And 
hence,  continues  Boerhaave,  Newton  was  mis- 
taken, in  thinking  that  earth  could  be  changed 
into  fire,  and  Boyle  equally  so,  in  supposing  it 
could  be  changed  into  water,  or  that  water  could 
be  changed  into  earth. 
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PhjTsics  and  mathematics  are  certainly  of  in- 
finite  value,  but  they  have  been  extravagantly 
iBisapplied.  In  their  genuine  light  they  are  to 
be  considered,  the  one  as  relative  to  causes,  and 
the  other  as  relative  to  efied:s.  But  from  this 
they  have  been  diverted,  however  clear  it  is  to 
sober  reason,  that  the  causes  of  nature  are  not  to 
be  discovered,  either  by  chymistry  or  by  mathe- 
matics, though  it  be  possible  for  some  of  her 
efiefts  to  be  ascertained  by  them.  Sensible  of 
this,  the  immortal  Newton,  who  was  privileged, 
if  ever  man  was,  to  grasp  at  an  unlimited  idea, 
most  cautiously  guarded  himself  in  the  use  and 
application  of  even  the  mathematics.  EfTefts 
were  all  he  presumed  to  ascertain.  He  openly 
confessed  his  ignorance  of  causes.  In  no  one 
instance  is  it  to  be' traced,  that  this  wonderful 
man  stepped  beyoiid  the  boundaries  of  nature. 
His  expression  generally  was,  "  All  things  con? 
nidered,  it  thus  seems  probable  to  me.''  Indeed 
a  contrary  conduA,  of  which  he  ha^  been  erro- 
peously  accused,  would  have  been  as  ridiculous 
jn  him,  as  if  he  had  undertaken  to  shew  how  fire 
bums  by  algebra  ;  to  explain  the  nature  and  ope- 
ration of  the  sun  by  trigonometry ;  or  to  assign 
the  causes  of  vegetadon  by  the  theory  of  conic 
seftions.    The/same  inherent  modesty,  likewise 

in 


so 


LETTER  V, 


in  one,  who  in  some  respefts  may  be  considered 
as  his  master,  manifested  itself  in  Epicurus ;  nor 
was  it  one  of  the  least  instances  of  that  philo- 
sopher's wbdom,  that  he  made  it  one  of  his  first 
physiological  dodrines,  that  he  had  nothing  to 
do  with  TC&  Suyeercs  kou  ra  svSsxoiJtem,  '^  Matters 
merely  possible,  and  merely  contingent ;  ^  and 
therefore  it  was  his  custom  to  conclude  all  ques* 
tions  about  the  phenomena  of  the  heavens,  and 
all  other  remote  and  uncertain  enquiries,  with 
these  words,  "  It  may  be  so/' 

But  you  will  ask  me,  if  all  hypotheses  in  phy- 
sics are  to  be  banished  ?  So  stri£t  a  limitation' 
would,  I  must  confess,  be  in  the  opposite  ex- 
treme. For  though  hypotheses  are  not  sufficient 
either  to  explain  the  mechanism  of  the  world,  or 
to  demonstrate  the  first  principles  of  things,  they 
are  not  without  their  advantages.  In  various 
natters  we  have  been  greatly  indebted  to  them. 
But  we  should  be  guarded  in  their  use  :  to  pene- 
trate into  an  abstruse  point,  and  to  throw  a  ray  of 
light  upon  it,  is  certainly,  if  nothing  better,  a 
powerful  stimulant  to  others,  to  employ  their  in* 
vention  and  ability,  and  to  render  in  the  end, 
perhaps,  that  evident  and  clear,  which  would 
have  otherwise  been  impervious.    Many  things 
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likewise^  whose  figures  are  not  visible  to  us,  we 
must  admit  upon  supposition ;  wherefore^  if  the 
hypothesis  be  but  adequate  to  the  phaenomena^ 
I  acknowledge  wt  should  admit  it ;  and  in  this 
concession  I  apprehend  we  have  granted  as  much 
as  philosophers  ought  to  do^  and  as  much  as 
should  be  prescribed  to  human  ingenuity.  From 
the  errors  even  of  wise  men,  wisdom  is  to  be 
gathered*  All  that  is  to  be  avoided,  is  too  much 
pertinacity  in  the  support  of  syicemfitical  con* 
jc£kme. 


LET. 
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The  amazing  intellcA,  which  enables  us 
not  only  to  perceive  objeds,  but  to  contemplate 
them ;  to  compare,  to  unite,  and  to  disjoin  them 
in  a  thousand  different  Ways ;  whose  unbounded 
aftivity,  not  only  acquires  the  knowledge  of 
things,  but  transports  us  into  futurity ;  recalls 
past  ages ;  coUefb  into  one  view  all  the  plea- 
sures of  life  ;  extends  our  existence  beyond  the 
grave,  and  triumphs  over  death  itself;  is  yet,  in 
its  essence,  as  incomprehensible  to  us,  as  is 
the  divinity  whence  it  derives  its  power.  It  is 
with  its  operations  alone  that  we  are  acquainted. 
But,  of  this,  more  hereafter ;  we  must  not  an- 
ticipate. We  will  now  endeavour  to  colledt  the 
scattered  rays  of  some  natural  phenomena,  and 
drawing  them  into  one  powerful  focus,  concen- 
trate them  into  a  point,  I  will  hope  luminous,  if 
not  convincing. 

Familiar  as  you  are  now  become  with  the 
Alps,  it  yet  may  not  be  amiss  to  recall  to  your 
mind  the  moment  when  you  first  beheld  that 
awful    and    majestic  a^regate  of  mountains, 

whose 
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"whose  boary  summits  prop,  as  it  were,  the  hea* 
veils.  How  sublime  tKe  sensations  occasioned 
fay  the  grand  assemblz^  !  How  abtonishing  to 
one  who  for  the  first  time  visits  themduntainoui 
|iarts  of  the  earth  ;  > who  never  hakf  refleded  up^ 
on  their  strufture^  nor  ever  had  datied  to  form  aii 
idea  of  the  power  iri  nature,  which  could  besvf- 
ficient  to  produce  them  !  Do  you  recdileft  the 
wonder  with  which  you  viewed  the  Shriek  Horn, 
the  Glaciers  of  Grindelwald,  the  icy  plains  of 
Chamounis,  and  the  tremendous  and  venerable 
brow  of  Mont  Blanc  ?  What  abundant  maci 
ter  for  surprize !  How  striking  the  •  pro&ndity 
.of  the  abysses  I  the  frightful  elevation  of  the 
roicks  I  the  eternal  snows !  the  pillars  and  seas  of 
indurated  water,  whose  existence  challenges  an 
age  almost-  as  venerable  as  the  vales  in  which 
they  are  lodged  !  the  cascades,  the  lakes,  th« 
rivers  bursting  from  their  source !  the  roaring 
winds  !  the  accumulated  thunder  !-^aU  these 
are  full  pf  grandeur,  all  are  stamped  with  chd 
charafter  of  sublimity,  and  speak  with  energy^o 
the  souL  ^ 

From  these  very  Alps,  however,  the  first  clear 
ideas  were  drawn  of  the  probable  formation  of 
the  eardi.    The^e,  together  with  the  Apennines, 
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the  Cordeliers^  the  Caucasus,  the  Imaus,  aiid  dkt 
other  vast  mountains  of  the  ^be,  were  found 
to  be  not  only  intrinsically  the  same,  but  to  oc- 
cupy at  least  one  tenth  part  of  the  dry  land* 
Thus,  says  Burnet,  our  mountains  are  not  to  be 
supposed  to  have  been  laid  upon  the  earth,  as 
tomb-stones  upon  a  grave,  or  to  stand  as  statues 
do  upon  pedestals*  They  are  one  continued 
substance  with  the  body  of  the  earth.  And  hence 
it  is  ridiculous  to  imagine  the  earth  first  a  plain 
sur&ce,  then  all  the  mountuns  set  upon  it,  a» 
haycocks  in  a  field :  it  is  aU  one  frame  or  Biass^ 
broken  and  disjointed  in  its  parts. 

No  sooner  had  the  miod  begun  to  meddle 
with  this  mighty  subje&,  than  theories  upon  the- 
ories arose.  Each  naturalist  endeavoured  to  gee 
a  step  beyond  his  predecessor.  The  surftce^ 
the  interior  parts,  the  mountains,  the  valUe»— 
all  were  ransacked.  Nothing  was  left  untried^ 
that  could  yield  satisfadion  in  the  enquiry.  Bac 
all  in  vain  ;  the  truth,  though  many  imporeanc 
points  became  esublished,  still  eluded  the  search 
and  the  labours  of  philosophy.  It  would  fatigue 
you  much,  and  be  perhaps  little  wor^y  of  your 
attention,  were  I  to  detail  the  variety  of  opt* 
ttions  on  this  intricate  subjcd.  The  leading  fea« 
tures,  however,  of  the  more  brilliant  hypotheses 


ilSTTER   ti.  ^5 

may  not  be  unamusing.  And  Burnet  shall  take 
the  kdd  ;  for  no  #ricer^  before  or  since  his  publi*- 
ca^otimtSSOf  calfod  Tellurisf%eoria Sacra,  ever 
entered  so  sfiiblimefy  upon  the  task^  or  exec\!ited 
it  with  so  Aitfeh  beaAt^  6f  imagery.  He  was 
truly  the  man  of  geriiuii  and  taste.  His  me- 
mory was  ritehly  stored ;  and  he  wrote  as  if  hi 
iau^ned  himself  employed  in  frambg  the  uni** 
Terse  accotdtng  to  hts  theory. 

**  The  earth/'  says  Burnet,  *^  was  first  a  fluid 
beterogeneous  mass.  The  heaviest  part^  descend- 
ed, and  formed  a  solid  body.  The  ^atefs  took 
iSleir  station  round  this  body,  and  all  lighter  fluids 
tose  above  the  water.  Thus  between  the  coat 
of  air  and  that  of  water,  a  coat  of  oily  matter 
was  interposed.  But,  as  the  air  was  then  full  of 
iihpuritieSy  and  contained  great  quantitiies  of 
eaithy  particles*  tbese  gradually  subsided  upon 
the  cdat  or  stratum  of  oil,  and  composed  a  crust 
of  eiriM  ahd  oil.  This  crust  was  the  first  habi« 
table  piittof  the  earth.  Th^  Tand  thus  formed; 
was  lighr,  fat,  and  adapted  to  cherish*  the  ten- 
demesr  of  the  original  gecms.  The  siirfece  of 
tlip  elrdl  Wisift  level  and  uniform^  without  moun- 
\y  ^eas,  or  oth^  inequalities.  In  thi^  state  it 
about  six^ftn  centuries ;  for  the  heat 
flf  the  sun^  gradually  drying  the  crust,  produced 
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at  first,  superficial  fissures  or  cracks,  but  in  pro- 
cess/of  time,  these  fissures  penetrated  deeper^ 
and  encreased  so  much  in  their  dimensions,  that 
at  last,  they  entirely  penetrated  the  crust.    In 
an  instant  the  whole  earth  split  in  pieces,  and 
fell  into  the  great  abyss  of  waters,  which  it  for- 
merly surrounded.    This  wonderful  event  was. 
the  universal  deluge.    But  all  these  masses  of 
earth,  in  falling  into  the  abyss,  carried  along 
with  them  vast  quantities  of  air,  and  they  dash- 
ing, against  each  other,  accumulated,  and  divided 
so  irregularly,  that  great  cavities  filled  with  ^ir 
were  left  between  them.     The  waters  gradually 
opened  passages  into  these  cavities,  and  in  pro* 
portion  as  the  cavities  were  filled  with  water,  the 
surface  of  the  earth  began  to  discover  itself  ii) 
the  most  elevated  places.     At  last,   the   ]wa» 
ters  appeared  no  where  but  in  those  e:^tensive 
valleys,  which  contain  the  ocean.-  Thus  our 
ocean  is  a  part  of  the  ancient  abyss ;  the  rest  of 
it  remains  in  the  internal  cavities,  with  w^icfai 
the  sea  has  still  a  communication..  Iflands  and 

■ 

rocks  are  the  suvall  fragments ;  and  continents 
are  the  large  masses  of  the  ancient  crust.  And 
hence,  as  the  rupture  and  fall  of  this  crust  were 
efie£ted  on  a  sudden,  and  in  a  confused  manner^ 
it  Is  not  surprizing  that  the  surface  of  the  present 

eardji 
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tarth  should' be  so  full  of  mountains,  gulfs,  and 
irregularities  of  all  sorts." 

A  few  years  after  tlie  publication  of  this  ele- 
gant romance,  that  is,  in  1696,  Whiston,  a  man 
of  uncommon  parts,  and  more  uncommon  learn-^ 
ing,  but,  as  his  biographers  acknowledge,  of  a 
6till  more  singular  and  extraordinary  charafter, 
published  a  new  theory  of  the  earth,  from  its 
original  to  the  consummation  of  all   things  ; 
wherein^  the  creation  of  the  world  in  six  days, 
the  universal  deluge,  and  the  general  conflagra* 
don,  as  Isdd  down  in  the  holy  scriptures,  were 
shewn'  to  be  perfectly  agreeable  to  reason  and 
philosophy.     This  book  met  with  admirers;  ' 
and  among  others,  with  the  approbation  of  the 
sagacious  Lockt.    ^^  I  have  not  heard  any  one 
of  my  acquaintance  speak  of  it,'*  says  Locke^ 
''  but  with  gieat  commendations,  as  I  think  it 
deserves;  and  truly  I  (hink  it  is  more  to  be  ad* 
mired,  that  he  has  laid  down  an  hypothesis, 
whereby  he  has  explained  so  many  wonderful  and 
before  inexplicable  things  in  the  great  changes 
of  this  globe,  than  that  some  of  thmn  should  not 
easily  go  down  with  some  men,  when  the  whole 
was  entirely  new  to  all.    He  is  one  of  diat  sort 
of  writers,  that  I  always  fancy  should  be  most 
esteemed  and  encouraged :  I  am  always  for  the 

C  g  •       builder^ 
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buUders^  who  faring  some  addition  to  our  kaow.r 
ledge^  or  at  least  some  new  things  to  our 
thoughts/* 

Whistpoi  yflfo  was  so  celebrated  a  mathema* 
Iticiaii^  a3  tq  become  successor  to  Newton  in  the 
Lucasi^n  professorship  at  Cambridge^  convinced 
that  every  possible  eyent  depends  upon  die  mor 
tion  an4  direftion  9f  the  stars,  endeavoured  to 
prove,  by  mathematical  calculation,  tba^  all  the 
changes  this  earth  has  undergone,  have  ]}Cfin  pro* 
duced  by  the  tail  of  a  coqiet.  Thp  account  of 
the  creation,  as  given  by  Mo^,  be  ^97$,  is  not 
perfe<%ly  understood.  It  is  not  an  exaft  or  phi* 
losophical  accouni: ;  it  i3  only  an  historical  narra* 
tion  of  the  formation  of  the  terretfrial  globe.  The 
earth,  in  Whiston's  opinion,  formerly  existed  in  a 
chaotic  state ;  and  at  the  time  mentioned  by  Mo« 
ses  only  received  a  form,  situation,  and  consist^ 
cnce,  necessary  for  the  habitation  o£  mankind* 
He  contended,  that  this  chaos  was  the  atmosphere 
of  a  comet :  that  the  annual  motion  of  the  earth 
began  when  it  received  its  new  form,  but  that 
its  diunuJ  motion  did  not  commence  till  the 
fall  of  Adam :  that  the  ecliptic  cut  the  tropic  of 
Cancer  in  a  point  precisely  opposite  to  Paradise, 
which  was  situated  on  the  north  west  frontier  of 
Assyria :  that  before  the  deluge,  the  year  began 

at 


at  the  auiximiial  equinox,  and  that  the  orbits  of 
the  earth  and  pknets  were  then  perfefi  circles : 
that  the  deluge  commenced  on  the  aSth  of  No* 
Tcmber^  accoiding  to  the  year  of  the  Julian  pe- 
riod £365,  or  2349  before  Christ :  that  pievioui 
to  the  dduge,  the  solar  and  lunar  years  were 
the  same,  and  consisted  ^xadly  of  360  days: 
that  a  comet  descending  in  the  plane  of  the 
ediptic  to  its  perihelion,  on  the  very  day  that 
the  dehige  began,  made  a  near  iq>pfoacfa  to  the 
earth :  that  there  is  great  heat  in  the  bowels  of 
the  earth,  which  is  constantly  expanding  from 
the  centre  to  the  circumference :  that  the  figure 
of  the  earth  resembles  an  egg;  and  that  the  moun* 
tains  are  the  highest  parts  of  the  globe.   To  the 
deluge  he  attributed  the  changes  of  the  eartlu 
The  world,  according  to  htm,  will  be  consumed 
by  fire.     Its  destrudion  will  be  by  means  of 
earthquakes,  thunder,  and  hideous  meteon ;  the 
sun  and  mocm  will  assume  dreadful  aspefts ;  tho 
heavens  will  seem  to  fall,  and  the  whole  earth 
will  be  in  flames.    But,  after  the  fire  shaU  have 
devoured  every  impurity  of  this  globe,  and  vi« 
trified  and  rendered  it  transparent  as  the  purest 
chrystal,  the  saints  and  spirits  of  die  blessed  shall 
take  possession  of  it,  and  there  remain  till  the 
general  judgment. 

C  4  In 
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created  the  universe.;  but  the  earth  was  then  an 
unbhabitable  comet^  and  subjed  to  such  alter-* 
sate  extremes  of  heat  and  cold,  that  its  matter 
being  sometimes  liquified  and  sometimes  frozen, 
was  in  the  forni  of  a  chaos,  or.  an  abyss  sur- 
rounded with  utter  dai^kness :  '^  And  darkness 
covered  the  face  of  the  deep/*    This  chaos  was 
the  .atmosphere  of  the  comet,  composed  of  hete- 
rogeneous materials,  having  its  centre  occupied 
with  a  globular,  hot,  solid  nucleus  of  about  2000 
leagues  in  diameter.    The  thick  fluid  around  it 
was.Iike  the  chaos  of  the  ancients  ;   ^'  rudis  in- 
digcstaque  moles. '^     Such  was  the  conditioti  of 
the  earth  when  six  days  old.    The  next  day^ 
that  is  the  first  day  of  the  creation,  every  mate- 
rial arranged  itself  according  to  its  specific  gra- 
vity.   The  heavy  fluids  sunk  down,  and  left  to 
the  earthy,  watery  and  aerial  substances,  the  su- 
perior regions.    The  heat  this  body  received 
from  the  sun  may  easily  be  supposed  to  last 
6000  years,  since  the  comet  of  1680  would  re* 
quire  50,000  years  before  it  cooled.     Round 
the '  solid  and    burning  nucleus   is  placed  the 
heavy  fluid,  which  descended  first,  and  formed 
thp  great  abyss  upon  which  the  earth  floats, 
like  a  cork  upon  quicksilver.  The  great  abyss  \% . 

formed 
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fbnned  of  two  concentric  circle? ;  the  interior  be* 
iog  the  heavy  flutd^  and  the  superior  water^  upon 
which  last  the  earth  is  immediately  formed*  After 
the  atmosphere  of  the  comet  had  been  freed  from 
ihe  solid  and  earthy  partides^  a  pure' air  onljf 
remained,  through  which  the  rays  of  the  sun 
instantly  penetrated,  and  produced  light :  ^'  Let 
there  be  li^t,  and  there  was  light/'  The  vast 
colunms  or  beds  of  which  the  earth  is  composed^ 
being  formed  with  so  much  precipitation,  is  the 
reason  why  they  differ  so  much  in  density :  the 
heavier  sunk  {deeper  into  the  abyss  than  the 
lighter,  and  of  course, ,  gave  rise  to  mountains^ 
and  vallies.  These  inequalities,  before  the  de-> 
lugp,  were  di&rently  situated  from  what  they 
are  at  present. .  Instead  of  that  vast  vall^,  which 
contains  the  ocean,  many  small  caverns  were 
dispersed  over  the  globe,  each  of  which  con* 
tained  a  part  of  the  waters*  The  mountains 
were  then  at  greater  distances,  and  formed  not 
large  chams ;  but  the  earth  was  a  thousand  timet 
more  fertile,  and  contained  a  thousand  ^  times 
more  inhabitants ;  and  the  life  of  man,  and  of 
other  animals,  was  ten  times  longer. 

**  All  these  effeAs  were  produced  by  the  su- 
jperior  heat  of  the  central  fire,. which  gave  birth 
to  a  greater  number  of  plants  and  animals,  and 

at 
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at  tht  9amo  time  bestowied  on  them  a  degree  bf 

Ttgour  that  raabled  them  to  exist  long,  and  tx> 

muUiply  abundantly.  But  this  heat  had,  besides^ 

n  Igtneutable  effcft :  it  augmented  die  passions^ 

robbed  man  of  his  innocence,  and  dimmished  the 

lag^city  oi  the  brute  creation.    All  creatures, 

except  the  fishes,  who  inhabited  a  oolder  element, 

felt  the  influence  of  the  central  heat,  became 

viciousi  and  merited  death.    This  universal 

death  was  accordingly  infliftcd  on  Wednesday 

the  ^8th  of  NovembeTy  by  a  dreadful  deluge, 

which  lasted  forty  days  and  forty  nights,  and 

was  occasioned  by  the  tail  of  a  comet  meeting 

with  the  earth  in  returning  from  its  perihelioik 

Its  attradion  made  the  water  in  the  great  abyss 

break  the  shell  or  crust  in  many  placea,  and 

rush  out  upon  the  surface :  ^^  And  the  fountains 

of  the  abyss  were  qpened."    As  soon  as  the 

earth  escaped  from  the  comet,  the  waters  on  the 

furface  rushed  down  with  violence  by  the  same 

channels  through  which  they  had  issued ;  and 

it  was  now  that  the  earth,  which  was  formerly  a 

f{)here,'a«s«med  its  Optical  fatm.^ 

Whiston  neither  doubted  of  the  truth  of  the 
deluge,  nof  of  the  authenticity  of  the  sacred 
writings ;  but  as  physics  and  astronomy,  as  haa 
been  remarked  by  Buffon,  occupied  his  principal 

attention. 
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he  mistook  passages  of  holy  writ  £br 
accounts  of  physical  &i^^  aqd  for  result;  of 
astronomical  observations ;  upd  so  strangely  jum« 
bled  divini^  with  human  sp^jyce,  that  he  ha| 
given  birth  tp  the  most  extraordinary  system, 
which  perhaps  ever  did,  or  ev/sr  wUl  appear. 

A  short  time  before  Whistopi  about  the  year 
J  think  1695^  Woodward  published  essays  to* 
wards  a  natural  history  of  the  earth  and  terres* 
trial  bodies,  especially  minerals  j  and  ajso  of  the 
sea,  rivers  ^nd  springs ;  with  an  account  of  the 
universal  deluge,  and  of  the  efiefts  it  had  upon 
the  earth.  '^  Woodward,"  says  the  illustrious 
French  Imura^st,  ^'  wanted  to  ered  an  immense 
edifice  upon  a  foundation  less  firm  than  sand,  and 
to  construdfc  a  world  with  dust ;  for  he  asserts 
that  the  earth,  at  the  time  of  the  deluge,  suffered 
a  total  dissolution :  that  this  dissolution  was  ef** 
itStcd  by  the  waters  of  the  gre^t  abyss ;  for  that 
at  the  command  of  God  the  abyss  suddenly 
opened,  and  difiuscd  such  am  enormous  quantity 
of  water  of^  the  surfiice^  as  wu  sufficient  to^  cover 
the  tops  of  the  highest  mountains;  and  that 
God  suspended  the  \%w  pf  cohesion,  which  b- 
stantly  reduced  every  solid  substance  into  a  pow** 
der.  Thus  Woodwan)  added  miracles  to  mi* 
lades ;  at  leas(  physical  impossibilities,  which 
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accord  neither  with  scripture^  with  mathema* 
tics,  nor  with  natural  philosophy*    Yet  his  sys- 
tem, though  ill  conceived  and  worse  arranged, 
lieduced  many  by  the  lustre  of  a  few  striking 
fsL^s ;  for  he  was  better  informed,  than  any  pre- 
ceding writer,  of  the  superficial  materials  of  which 
this  globe  is  composed*     These  materials,  says 
he,  are  all  deposited  in  beds  or  strata ;  in  many 
of  which  are  shells,  and  other  produdions  of  the 
sea.     These  beds  are  all  horizontal,  and  placed 
over  each  other,  like  matters  transported  by  the 
waters,  and  deposited  in  the  form  of  sediment.' 
The  materials  of  the  different  strata,  he  asserts, 
are  arranged  according  to  their  specific  gravities. 
But  this  assertion  is  not  true ;  for  we  every  day 
see  solid  rocks  placed  over  clay,  sand,  pit  coal, 
bitumen,  and  other  comparatively  light  bodies; 
All  the  strata  which  compose  the  earth,  says 
he,  from  the  top  of  the  highest  mountains  to 
the  deepest  mines,  are  placed  according  to  their 
respeftive  specific  gravities  ;    and  hence,   the 
whole  must  have  been  in  a  state  of  dissolution, 
and  precipitated  at  the  same  time.    But,  at  what 
time,  let  us  demand  with  Buffon,  and  in  what 
menstruum  was  it  dissolved  ?  In  the  water,  says 
Woodward,  and  at  the  time  of  the  deluge.  But 
there  was  not  wiater  enough  on  the  globe  to  pro- 
duce that  effed,  for  there  is  more  earth  than 
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water ;  and  the  bottom  of  the  sea  itself  Is  earth  ? 
But^  says  he,  there  was  enough  of  water  in  the 
central  parts  of  the  earth.    We  reply,  however, 
that  water  could  not  dissolve  rocks  and  metals, 
especially  in  forty  days,  the  time  of  the  waters 
remainmg  on  the  earth.    That  signifies  not,  re- 
plies he ;  the  event  did  happen.    When  it  was 
asked  hini,  how  the  waters  of  the  abyss  could 
dissolve  the  whole  earth,  and  yet  preserve  the 
shells  ?  he  answered,  he  never  asliserted  that  the 
water  was  a  dissolvent,   but,  from  fads,  it  was 
clear  the  earth  had  been  dissolved,  and  that  the 
shells  had  been  preserved.    But,,  if  it  were  fur- 
ther pressed  upon  him,  that,  supposing  the  laws' 
of  cohesion  and  gravity  could  have  been  sud- 
denly stopped,  and  that  the  dissolution,  of  thi^ 
ancient  world  could  have  been  supposed  capable 
of  explanation — still,  why  were  the  shells  not 
dissolved  ?  To  this  he  was  mute ;  he  could  give 
no  answer.  .         , 
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Notwithstanding  the  glaring  de- 
lusion of  the  theorists,  whom  I  have  already 
mentioned,  and  the  positive  certainty  their  wri- 
tings gave,  that  it  was  impossible  to  offer  demon* 
strative  evidence  on  such  a  subjeft  as  creation^ 
the  game  was  still  to  be  followed ;  and  sports- 
men to  the  full  as  eager  as  Burnet,  Whistori,  or 
tVoodward,  took  the  field.  Among  the  fore- 
most were  Bourguet,  Leibnitz,  Steno,  and  Lc 
Cat.  It  would  be  needless  to  take  a  review  o^ 
each.  I  shall  confine  myself  therefore  to  the 
latter. 

Mons.  Le  Cat,  who  published  his  thoughts 
about  the  year  1 744,  supposes,  that  in  the  be- 
ginning, the .  substance  whence  metals,  stones, 
earth,  &c.  were  to  be  formed,  were  soft  masses 
of  a  kind  of  mud.  The  surface  of  the  earth, 
says  he,  was  regular,  without  hills  or  vallies« 
The  earth  was  a  globe  or  regular  spheroid.  The 
sun  and  moon  were  afterwards  created.  The 
'fluid,  which  covered  the  earth,  became  agitated 

by 
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by  the  violent  motion  of  tlie  iSux  and  reflux* 
The  mud  oo  which  this  fluid  rested  was  yariomiy 
driven.    This  ^ttatton  encreasing,  part  of  the 
mud  became  exposed,  and  it  dried.    Cootitients 
were  thus  formed.    The  materials  of  the  earth, 
being  more  compaft  and  solid,  the  sea  conti-* 
Bually  excavated  its  bed.    The  continieiics,  cod* 
sequently,  continttally  encreased  :  though  they 
never  arrived  at  a  positive  standard  ;  for  ffotti 
the  coottnual  retreat  of  the  sea,  says  he,  and  the 
excavatbn  o£  the  earth,  this  g}c4)e  is  doomed 
to  be  at  last  so  peifefUy  undermined,  as  to  pro« 
doce  a  confluence  of  the  sea,  from  hemisphere 
fa  hemisphere.    The  earth  will  become  like  a 
hollow  orange,  and  its  figure  only  be  preserved  by 
its  shell.  This  sheU  also,  being  attenuated,  will* 
£eu1^  and  with  it  the  sur&ce  of  the  earth  will  turn** 
Ue  in.    A  new  chaos  will  take  place,  and  there 
Witt  be  a  general  mixture  of  all  its  parts  ^d  pro* 
du&ions.    As  at  first,  however,  the  earth  will 
again  revive,  and  thos  we  sh^t  have  a  periodicaf 
dissolution  and  renovation  according  to  that 
text  of  scripture  :    **  The  foundations  of  the 
earth  shall  perish :  yea,  aU  of  t^m  shall  wax 
old  like  a  garment ;  as  a  vesture  shall  God 
change  them,    and  they  shall  be  changed.'' 
Psalm,  cii.    In  veg^  to  die  fossil  sheUs  every 

where 
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where  discovered,  Le  Cat  stipposied  they  ^er^ 
buried  in  the  earth  prior  to  the  deluge.  Firsts 
because  these  shells,  so  co-acervated,  or  di^rsed 
in  ^several  parts  of  the  mountains,  prove  beyond 
dispute,  that  these  mountains  wei^e  posterior  to 
the  formiatio'n  of  the  earth.  Secondly,  because 
these  mountains  did  not  rise  on  a  sudden^  but 
^adually,  and  consequently,  are  to  be  considered 
as  accidental  to  our  globe.  Though  here,  in* 
deed,  Le  Cat  differed  from  his  contemporary 
Voltaire*  who  very  summarily  gave  these  heaps 
of  fossil  shells  to  a  less  powerful  cause.  Catf 
one  doubt,  says  Voltaire,  that  pilgrims  left  them 
either  by  design  or  accident  on  these  mountains  ? 
Nothbg  is  more  clear,  '^  Si  noiis  faisons  reflexion 
i,  la  foule  innombrable  de  pelerins  qui  partoient 
a  pied  de  Saint  Jacques  en  Galice,  et  de  toutes 
*  les  provinces  pour  aller  a  Rome  par  le  Mont- 
Cenis,  charges  de  coquilles  a  leurs  bonnets.'^ 
But,  did  pilgrims  with  shells  in  their  bonnets, 
it  might  have  been  asked  the  philosopher  of  Fer* 
ney,  ever  traverse  the  CordeUiers,  or  the  other 
unchristian  mountains  of  the  globe,  where  shelU 
are  to  be  found  in  even  still  greater  profusion? 

The  system  of  Le  Cat,  as  must  be  the  fate  of 
every  system  of  a  creation^  was  proved  to  be 

contrary 
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contrary  to  reason  and  to  scripture.  The  moon 
and  fishes,  said  his  opponents,  were,  according 
to  him,  to  have  existed  before  the  separation  of 
the  waters  from  the  earth.  But,  it  was  die 
third  day  on  which  God  separated  the  waters 
from  the  earth.  The  second  day,  he  created 
the  sun  and  moon.  For  here  that  unformed  and 
primitive  light,  which  God  created  on  the  Gist 
day,  by  saying,  *'  Let  there  be  light,  and  there 
was  light,"  is  not  to  be  confounded  with  the 
sun  and  moon,  they  being  very  ei^ressly  distin- 
guished in  the  sacred  text.  On  the  fifth  day  he 
created  fishes  of  all  kinds,  consequently  shell 
fishes.  Hence  the  moon  and  fishes  were  created 
afterwards.  The  exuviae  left,  were  left  by  the 
second  deluge.  The  general  dissolution  liJce- 
wise,  supposed  by  Le  Cat,  they  declared  t6  be  in 
express  terms  contrary  to  Scripture,  which  says, 
'^  But  the  day  of  the  Lord  will  come  as  a  thief 
in  the  night ;  in  the  which,  the  heavens  shall  pass 
away  with  a  great  noise,  and  the  elements  shall 
melt  with  fervent  heat ;  the  earth  also,  an^  the 
works  that  are  therein,  shall  be  buraed  up/'  * 
^'  Ignis  naturaliter  aget  ante  judicium  in  bonos  ec 
malos,  qui  vivi  reperientur,  eos  in  cinerem  respl- 
vendo  :  sed  mail  illius  ignis  aftione  cruciabun- 
tur,  boni  vero  omnis  doloris  erunt  excepti,''  says^ 

D  St.  Thomas 

*  1  Peteo  chap*  viu  v.  5. 
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St.  Thomas  Aquinas  in  his  supplement.  Tbey 
declared  it  even  to  be  positively  against  God's 
covenant :  "  And  I  will  establish  my  covenant 
with  yofu ;  neither  shall  all  flesh  be  cut  oS  any 
more  by  the  waters  of  a  flood ;  neither  shall 
there  any  more  te  a  flood  to  destroy  the  earth.''* 
Again  m  Ecdesiastes,  *^  one  generation  passeth 
away^  and  another  generation  cometh ;  but  the 
earth  abideth  for  ever/' 


Cat,  who  Was  a  man  of  strong  abilities^ 
did  not  sit  doi^  quietly  under  this  scriptural 
condemnation.  On  his  adversaries  he  retorted^ 
riiat  the  knowledge  of  the  Hebrews  *ras  misera- 
bly circumscribed.  *^  Can  the  account  6f  the 
rreation  of  the  world  as  delivered  rn  Genesis," 
says  he,  "  be  said  to  be  clear,  and  easy  to  be  un-» 
derstood  ?"  St.  Jerome,  in  his  Letter  to  Paulina, 
says,  no.  The  io2d  psalm  quoted  against  him, 
he  insisted  was  in  favour  of  his  hypothesis : 
even  the  pasAge  in  Peter  he  contended  to  be 
for  him. 

^^  Several  mtcrpreters  of  the  Scriptures,"  says 
he,  ^'  are  of  opinion,  the  light  of  the  first  day  was 
a  luminous  body,  out  of  whose  substance  the  sun 
and  stars  might  afterwards  have  been  formed. 

Now 
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N0W9  if  we  suppose  within  the  earth's  vortex  a 
heavenly  body,  whether  luminous  or  not^  it 
must  inevitably  have  caused  a  flux  and  reflux. 
Hence  k  is  probable  this  earth  had  been  several 
times  dissolved^  confounded,  and  thrown  into 
ruins.  '^  In  the  beginning,  Grod  created  the  hea- . 
vens  and  the  earth  ;^'  that  is,  God  created  a  shape* 
less  mass  of  matter,  in  which  were  contamed 
all  the  materials  of  the  heaven  and  the  earth. 
**  St.  Augustift,"  says  he,  ^*  whose  faith  was  so  or- 
thodox, avers,  it. was  difficult,  if  not  almost  im* 
possible  to  conceive,  and  much  more  to  explain, 
what  the  six  days  of  the  creation  were.  For  his 
own  part,  and  after  a  thorough  examination,  the 
Saint  could  only  determine  the  creation  to  have 
been  instantaneous ;  ^^  Simul  omnia  fafta  sunt." 
Saint  Gregory  Naztanzen  was  also  of  the  same 
opinion  :  ^  When  Moses  informs  us,''  ssys  this 
Bishop,  **  that  the  world  was  created  in  the  be- 
ginning, it  merely  signifies,  that  Grod  created  the 
plastic  powers  and  forming  causes,  and  that 
every  thing  existed  on  the  first  adt  of  hi^  divine 
will."  **  The  Scriptures,"  again  says  St.  Jerome, 
'^  do  not  consist  in  the  letter,  but  the  meaning ;  for 
were  we  to  keep  to  the  letter,  we  might  broach 
new  tenets."  "Can  there  be  thus  any  thing,"  con- 
tinues Le  Cat,**  more  formal,  more  express,  than 
various  text^  of  Scripture  on  the  system  of  the 
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world;  and  yet  are  they  not  all  erroneous  ?  ^^  The 
earth  is  fixed  to  all  eternity/'  says  £cclesiastes« 
**  The  Lord  has  made  the  earth  immoveable,** 
says  the  writer  of  the  Chronicles.  ^'  Thou  Lord 
hath  founded  the  earth  so  that  it  cannot  be 
moved,"  says  the  Psalmist.  **  The  sun  rises  and 
sets/'  says  the  lEcclesiastes.  ^^  It  returns  to  the 
same  point,  and  there  it  rises  again ;  -  its  circuit 
is  towards  the  south,  and  it  declines  tqwards  the 
west.'*  Isaiah  says^  that  '^  the  sun  went  back 
ten  degrees/'  and  that  this  retrogradation  pro- 
longed the  king's  life.  Finally,  Joshua  com- 
manded the  sun  to  suspend  his  course.  Now, 
says  Le  Cat,  what  would  become  of  all  science, 
if  the  most  positive  literal  text  of  the  Old  Tes«* 
tamenty  ^r  the  most  explicit  determiDation  of 
the  fathers,  were  to  be  the  standards  rf  natural 
philosophy  ?  The  earth,  according  to  the  Scrip- 
tures, is  flat,  square,  and  supported  by  the  waters, 
St.  Basil,  and  St.  Ambrose,  with  the  whole  fra- 
ternity of  ancient  fathers,  rejected  the  antipodes, 
as  a  wild  chimera,  dangerou9  to  religion.  •*  Far 
be  the  thought  from  all  Christians,  however," 
concludes  this  ingenious  naturalist,  *•  that  a  reli- 
gion so  true,  so  holy,  so  transcendent,  should 
have  any  thing  to  fear  from  the  progress  and  the 
improvement  of  the  sciences !" 

LET- 
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I  WOULD  here  willingly  release  your  attemioli 
from  fanciful  fi£kions ;  but  the  abundance  of  in*' 
genvuty  whic1;i  has  been  bestowed  upon  theories 
of  creation^  renders  it  impossible.  Wc  will  for, 
a  moment,  therefore,  glance  at  the  system  of  a 
most  brilliant  and  eloquent  philosot)her ;  one 
whose  labours,  indeed,  have  added  lustre  to  sci- 
ence, but  whose  impetuosity  of  imagination  hath 
generated  error,  as  wild  and  unsubstantial  as 
any  of  his  predecessors 

**  The  earth,"  says  Buffbn,  *^  was  originally 
in  a  state  of  liquefedtion,  the  greatest  p^trt  of  the 
materials  of  which  this  globe  is  composed  being 
vitrifications^  or  vitrifiable  by  fire.  It  assumed 
its  figure  when  in  a  fluid  state.  The  diameter  of 
the  earth  is  about  three  thousand  leagues,  and 
it  .is  situated  about  thirty-three  millions  of 
kagues  from  the  sun^^  round  which  it  revolved. 
This  annual  revolution  is  the  eScGt  of  two  for« 
ces  ;  the  one  may  be  considered  as  an  impulse 
from  right  to  left,  or  from  left  to  right ;  the  other 
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as  an  attra&ion  from  above  downwards,  or  from 
below  upwards,  to  a  common  center.  Gravity  is 
the  general  law  of  nature.  The  planets^  the 
comets^  the  sun,  the  earthy  are  all  subjeft  to  its 
laws.  The  centrifugal  force,  or  force  of  impul* 
sion,  is  still  unknown  :  but  it  is  evident,  as  the  at- 
tradi  ve  force  a>ntinually  draws  all  the  planets  tOr 
wards  the  sun,  they  would  fidl  in  a  perpendicular 
line  into  that  luminary^  if  they  were  not  kept  at 
a  distance  by  some  other  power^  forcing  them  to 
meet  in  a  straight  line.  If  again  this  impulsive 
force  were  not  countera&ed  by  that  of  attradtion^ 
all  the  planets  would  fly  off  in  the  "tangents  of 
their  respective  orbits.  The  motions  both  of 
planets  and  comets  are  regulated  by  impulsive 
and  attra£bive  force^  continually  afting  and  ob* 
liging  them  to  describe  curves.  May  we  not 
conjefture,  therefore,"  says  Buffon,  "  that  a 
comet  falling  into  the  body  of  the  sun,  might  drive 
off  some  parts  from  its  surface,  and  communis 
cate  to  them  a  violent  impulsive  force,  which 
they  still  retain  ?  The  eartji,  when  it  issued 
from  the  sun,  was  liquid  fire.  When  it  cooled, 
the  vapours,  condensed,  fell  down  in  the  form  of 
water  upon  the  sur&ce,  depositing  at  the  same 
time  a  slimy  substa^pe  mixed  with  sulphur  and 
salts,  part  of  which  was  carried  by  the  motion  of 
the  waters  into  the  perpendicular  fissures  of  the 
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Strata,  and  prpciuced  metals^  and  the  rest  re* 
Awped  QA  t^e  surface,  and  gave  rise  to  vegetable 
mould,  lyich  more  or  le$3  of  anicnal  and  vege- 
tahle  particles.  Thua^  the  interior  parts  of  the 
l^obe  were  originajily  composed  of  vitrified  mat- 
ter, and  they  continue  so  at  present.  Above 
these  wer^  placed  those  bodies  which  the  fire  had 
reduced  into  the  smallest  particles,  as  sands, 
which  are  only  portiw3  of  glass;  and  above 
thes(,  pumice  stones,  and  the  scoriae  of  melted 
matter,  which  gave  rise  to  the  different  clays. 
The  whole  wa3  covered  with  water  to  the  depth 
of  five  hundred  or  six  hundred  feet.  This  water 
deppsiced  a  stratum  of  mud,  mixed  with  all  those 
fiaatters  which  are  capable  of  being  sublimed  or 
exhaled  by  fire ;  and  the  air  was  formed  of  the 
most  sybtile  vapours,  which,  from  their  levity, 
rose  above  the  water/' 

^'  Such  was  the  condition  of  the  earth,  when  the 
tides,  the  winds,  and  the  heat  of  the  sun  began 
to  introduce  chang^^  on  its  surface.  The  di- 
urnal motion  of  the  ear(h,  and  that  of  the  tides, 
elevated  the  waters  in  the  equatorial  regions,  and 
necessarily  transported  thither  great  quantities  of 
slime^  clay,  and  sand,  and  by  thus  eleyatmg  these 
parts  of  the  earth,  sunk  those  vnder  the  poles 
about  two  leagues  t   The  strata  ^r^  iiot  arranged 
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according  to  their  specific  gravities.  Beds  oi 
heavy  matter  are  frequently  placed  above  those 
of  lighten  Rocks  are  often  upon  clay  and  sand. 
Glass  appears  to  be  the  true  elementary  earthy 
and  all  mixed  bodies  are  only  glass  in  disguise. 
Every  grain  of  sand  may  be  considered  as  a  small 
flinty  and  every  piece  of  flint  as  a  colleftion  of 
fine  sand  cemented  together.  The  quartz  is 
perfe£Uy  transparent  flint,  and  in  decomposbg, 
produces  soft  talcs,  or  stones,  composed  of 
plates^  generally  parallel,  flexible,  and  elastic. 
Great  mountains,  which  are  composed  of  vi- 
trescent  materials,  and  produced  by  the  a£bion 
of  the  primitive  fire,  are  immediately  conneded 
with  the  interior  rock  of  the  globe,  which  is  also 
a  vitreous  rock  of  the  same  kind.  Every  mate* 
rial  of  which  this  globe  is  composed,  might  in  a 
word  be  in  general  reduced  to  its  primitive  state 
of  glass,  if  a  sufficient  degree  of  heat  were  to  be 
applied/* 

*'  The  great  inequalities  of  this  globe,"  con-^ 
tinues  Buffon,  "  took  place  when  it  assumed 
its  form  and  consistence ;  swellings  and  blisters 
arising,  as  in  the  case  of  a  block  of  glass  or 
melted  matter.  In  the  adion  of  cooling,  it  was 
furrowed  with  depths  and  eminences.  The  vi- 
trescent  matter,  of  which  the  rock  of  the  globe 
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is  composed^  and  all  the  nuclei  of  mountains^ 
Were  produced  by  the  primitive  fire.  The  wa- 
ters have  only  formed  the  accessory  strata^  which 
surrounded  the  nyclei  horizontally^  and  in  which 
are  the  relics  of  shells  and  other  produftions  of 
the  ocean.  Shells  never  having  been  found  on 
the  highest  mountains/*  says  BufTon^  "  nor  any 
where  much  above  two  thousand  fathoms  above 
the  level  of  the  sea,  it  is  clear  that  the  waters 
never  surmounted  those  high  summits^  or  at 
least  remained  but  a  short  time  upon  them,. 
They  only  formed  hills  and  calcareous  mountains, 
which  never  rise  to  much  more  than  the  height 
of  two  thousand  fathoms.'* 

**  The  earth  possesses  an  internal  heat,"  con- 
tinues this  naturalist,  '^  which  is  peculiar  to 
itself.  The  heat  conveyed  from  the  sun  is  small, 
and  would  not  be  alone  sufficient  to  support  ani- 
ipated  nature.  At  equal  depths  this  internal 
heat  is  invariably  the  same,  and  it  appears  to 
augment  in  proportion  as  you  descend.  The 
constituent  parts  of  the  globe  are  homogeneous. 
All  the  particles  are  united  by  mutual  attradtion. 
Every  particle,  therefore,  is  a  center,  and  there 
is  no  reason  to  believe  that  the  parts  which  sur- 
round the  center,  are  denser  than  thpse  which 
surround  any  other  part :   neither  should  it  be 
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imagined^  that  the  bterior  parts  of  the  earth  aic 
hollow ;  they  are  composed  of  matter  of  consi- 
derable density^  nearly  siibilar  to  that  of  its 
sui&ce/' 

Such,  in  brief,  is  the  skeleton  of  Buffbn's  sys-* 
tem.  I  have  not  conceived  it  of  importance  to 
exhibit  the  subjeft  in  its  full  proportions.  The 
investigation  would  have  been  tedious  ;  and  the 
display,  however  in  its  detail  beautiful,  too 
feebly  supported  by  clear  and  probable  reason- 
k^,  to  be  otherwise  amusing,  than  as  the  fairy 
wanderings  of  an  ardent  and  fertile  im^ination« 

The  physical  objedions  to  Buffon*s  system 
are  strikingly  apparent.  As  to  the  fragment 
dashed  from  the  sun— this  I  shall  leave  to  be  ex- 
amined by  others.  The  manner  of  accounting 
for  the  oblate  spheroidical  figure  of  the  globe^ 
may  deserve  your  consideration.  Mathemati- 
cians have  different  methods  by  which  they  ex- 
plain this  figure.*  The  great  Newton  deduced 
it  from  a  centrifugal  force,  and  the  French  philo- 
sopher, with  various  others,  have  followed  him. 
But,  notwithstanding  such  high  authority,  it  has 
been  contended,  that  we  should  never  treat  of 

this 

♦  Jones's  Philofiophy  of  the  Elements, 


Letter  viii.  '59* 

this  globe  as  if  it  were  exposed  to  certain  artifi- 
oal  forces^  independent  of  the  natural  forces  of; 
the  elements,  in  which  it  is  involved,  and  by 
which  it  seems  to  be  governed.    Had  it  been 
every  where  afted  uppn  by  equal  forces,  say 
these  writers,  the  result  woujd  have  been  a  per- 
fe£b  sphere  ;  but  as  the  forces  must  have  been 
unequd,  the  consequence  must  be  an  inequality 
in  its  figure.    The  equatorial  parts  would  neces* 
sarily  be  exposed  to  a  greater  degree  of  heat : 
they  would  thejrefore  be  rarified ;  and  the  polar 
parts,  being  subjefted  to  a  colder  medium,  would 
be  more  compressed ;  in  consequence  of  which 
the  polar  diameter  would  be  shorter  than  the 
equatorial ;  and  this  consequence  seems  absolutely 
necessary .    Hence,  it  would  be  unphilosophical 
to  suppose,  that  the  earth  could  be  equally  affect- 
ed in  all  4)arts,  when  it  is  so  unequally  circum- 
stanced ;  and  it  would  be  ^till  more  so  to  suppose, 
that  the  elements  which  invest  it.  had  no  effeds 

ft  ^ 

upon  iu  constitution.  The  exposure  of  the  earth's 
orb  to  the  sun,  is  a  circumstance,  whence  some 
difierence  must  arise  in  the  several  parts  of  it. 

In  regard  to  the  vitreous  state  of  the  globcj^ 
all  its  parts  speak  so  loudly  against  this  dodkrine 
that  it  is  almost  unnecessary  to  descend  to  parti- 
culars#  In  what  manner  could  the  calcareous  and 

vegetable 
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vegetable  matters  have  so  accumulated  in  the 
bowels  of  the  earth,  had  it  been  originally  vi- 
trescent  ?  Or  how  could  the  innumerable'  strata 
of  other  heterogeneous  substances,  so  regularly 
find  so  effectually  have  fixed  themselves  in  the 
very  heart  of  this  gljssy  matter  ? 

If  every  thing  indeed  we  see,  and  every  thing 
we  do  not  see ;  if  all  the  earth,  the  mountains, 
the  rocks,  the  stones,  the  trees,  the  flowers,  all 
were  originally  of  the  substance  of  glass,  the  hu- 
man frame  itself  must  likewise  have  been  of 
glass :  man  and  beast  must  have  been  of  the 
consistency  of  a  bottle*  A  whimsical  idea  this, 
but  still  one  for  which  BuflTon,  had  he  warily 
looked  about  him,  would  have  found  a  solution. 
Becher  was,  many  years  before  him,  perfeftly  ac- 
quainted with  animal  glass.  He  tells  us  in  un- 
equivocal terms,  "  Homo  vitrum  est,  ct  in  vi- 
trum  redigi  potest,  sicut  et  omnia  animalia/^  He 
regrets  that  those  nations  who  drank  out  of  the 
skulls  of  their  enemies,  had  not  been  acquainted 
with  the  art  of  converting  them  into  glass.  He 
even  shews  that  it  would  be  possible  to  form  a 
series  of  one's  ancestors  in  glass,  in  like  manner 
as  you  could  have  them  in  statuary.  A  skeleton 
of  nineteen  pounds,*'  says  he,  "  burned,  affords 
five  pounds  of  phosphoric  glass."    But  the  faft 
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isy  that  granites  and  flints  cannot  be  formed  by 
fire*  ^^  I  will  allow/' says  Bergman^  (and  whose 
authority  is  greater  than  Bergman's  >)  ^^  that 
dirystals  may  be  produced  by  the  dry  method^ 
and  I  know  several  ways  of  obtaining  them  both 
by  fusion  and  sublimation ;  but  I  can  never  be 
persuaded  that  the  zeolite  has  been  produced 
by  the  assistance  of  fire  :  or  that  a  granite^ 
which  consists  of  clear  quartz  chrystals,  solid 
feld.  spar,  and  mica,  could  have  been  able  to  sup- 
port  a  fusion  without  the  quartz  bursting  or 
becoming  opaque ;  or  the  feld  spar  becoming 
soft  and  liquid,  which  it  even  does  in  a  weak 
fire. 

As  to  flints,  it  was  for  a  long  time,  and  by 
many,  as  well  as  by  Bufibn,  supposed  that  they 
were  the  produdion  of  fire,  and  of  a  sudden  con- 
densation. It  was  even  averred,  that  flints  could 
be  artificially  made  by  a  process  of  fire ;  and  the 
truth  of  the  opinion  was  rested  on  flints  never 
having  been  found  to  contain  petrifications,  or 
the  marks  of  any  organized  body.  Butj,  on  bet- 
ter observation,  the  reverse  is  found  true ;  for 
nothing  is  more  common  in  cabinets,  than  flints 
containing  not  only  petrificaciona,  but  even  marks 
of  organized  bodies,  surrounding  the  petrifica- 
tions.   Moreover,  not  the  smallest  trace  of  the 
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aftion  of  fire  is  ever  to  be  discerned^  either  in 
the  flints  themselves,  or  in  the  substances  Ivhich 
contain  them.  On  the  contrary,  calcareous  sub- 
stances are  in  general  found  where  flints  are  em« 
bedded  i  which  is  of  itself  an  unequivocal  add 
satisfadory  confirmation  of  their  formation  in 
water.  "  Madrepores,  and  fossil  shells,  with 
other  calcareous  matters/'  says  Romedellsle^ 
'^  form  themselves  into  silez,  in  proportion  as  the 
fixed  air,  which  is  a  constituent  part  of  their 
Bubstfnoes,  is  disengaged  by  some  other  add, 
and  is  replaced  by  that  add.  Hence  qtiartz, 
agate,  silex,  and  flinty  according  to  the  degree 
of  homogenity,  which  the  aggregate  of  the  new 
combination  has  acquired.  Nor  is  it  uncommon 
to  find  a  shell  the  nucleus  or  die  mould  of  a 
silex ;  the  interior  part  filled  with  crystallissiEi* 
tions  of  quartz ;  and  the  surrotmdtng  mass,  a 
common  agate  or  flinty  substance.''  ^^  In  the 
neighbourhood  of  Beauvais  in  France,"  says 
Monnet,  *^  silex  is  to  be  found  in  abundance, 
exhibiting  all  the  marks  of  the  different  passages 
de  la  craie,  a  T^tat  de  la  pierre  a  fusil.  I  express 
tnyself  so,"  says  he,  "  because  I  think  it  cannot 
be  doubted  that  chalky  or  calcareous  matters,  are 
those  from  which  silex  is  formed/'  Cronstedt 
is  of  the  same  opinion. 

LET- 
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Although  Bufibnereftedsotmsubstan*- 
ttal  and  frail  an  edifice^  he  yet  is  to  be  revered 
for  tbe  success  witb  which,  in  conjunftion  with 
M.  Daubenton,  he  exploded  a  multitude  of  ab- 
surdities ;  and  for  the  very  dose  manner  ifi 
wMch  he  in  other  respeO:s  followed  nature.  The 
suppoiiition  of  Buffon,  whtdi  was  embraced  with 
some  Ktde  variation  by  Hollman  of  Gottingen, 
that  *he  waters  of  the  ocean,  by  their  own 
weight,  had  burst  into  caverns  beneath,  and  so 
separated  land'  and  water  distinfUy,  was  some 
time  after  its  publication  boldly  opposed  by 
.Mons.  Raspe,  the  editor  of  the  posthumous 
works  of  Leibnitz. 

M.  Raspe  held  it  to  be  absurd,  to  suppose 
the  existence  of  such  immense  caverns  as  would 
swallow  up  so  much  water,  as  was  necessary  to 
leave  dry  mountains  upwards  of  twelve  thousand 
feet  above  the  surface  of  the  sea.  He  reprobat- 
ed the  idea,  which  had  been  -  generally  held  by 
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naturalists,  that  the  surface  of  the  sea  is  consi- 
derably lower  than  it  was  formerly  :  he  insisted 
on  the  credit  of  Donatio  that  it  is  higher  than 
it  was  in  ancient  times^  at  least  at  some  places. 
He  said,  neither  the  aftuai  conformation  of 
.  mountains,  with  their  different  inclinations  of 
strata,  nor  the  regular  figure  of  the  hills,  with 
their  correspondent  angles,  are  at  all  explicable 
on  Buffon's  system.  "  It  is  not  to  be  conceived/ 
says  he,  "  in  what  manner  the  waves  of  the  sea, 
after  having  raised  up  a  quantity  of  sand,  earth, 
stones  and  shells,  should  deposit  them  again  in 
horizontal  and  parallel  beds."  The  laws  of  hy- 
drostatics do  not  appear  to  admit  of  the  possl* 
bility  of  any  such  method,  and  still  much  less 
of  the  existence  and  adion  of  those  torrents  at 
the  bottom  of  the  sea,  which  the  French  natura- 
list conceives  to  penetrate  the  strata  of  the  moun- 
tains formed  there,  and  to  open  a  passage  through, 
to  divide  them  into  hills  and  vallies.  Besides, 
it  has  been  asserted  by  many,  particularly  by 
Doftor  Tozzetti,  an  ingenious  Florentine,  that 
the  sea  is  much  calmer,  or  has  less  motion  at 
the  bottom,  than  in  any  part  nearer  its  surface* 

In  rejedting  Buffon's  system,  however,  Mons. 
Raspe  did  not  admit  of  those  terrible  volcands 
of  the  Abb^  Moro,  who  affirmed,  in  some  rc- 
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^^Sts  after  Mr.  Ray^  that  both  the  earth  in  ge* 
neral^  and  its  mountains  in  particular^  rose  froin 
beneath  the  sea^  from  the  efieft  of  subterraneous^ 
conflagrations,  earthquakes,  and  volcanos,  which 
threw  up  their  substances  in  confused  heaps  intQ 
the  waters,  wherein  they  h^ve  successively  sub- 
sided, according  to  their  different  specific  gravi- 
ties. The  regularity  of  strata,  mixed  with  in* 
nunjerabie  marine  animals,  observable  over  thf 
whole  face  of  the  earth,  sufficiently  refuted  this 
hypothesis.  He  had  observed,  likewise,  that  in 
veins  of  sand,  marble,  chalk,  marble  and  slate, 
we  find  no  indication  of  a  burning  soil,  or  of 
combustible  substances ;  but,  rather  of  a  sedi* 
ment  disposed  by  the  agitation  of  the  sea.  At 
die  same  time  he  remarked,  that  he  never  had 
met  with  zhy  marine  substances  or  animals  in  9 
stratum  of  cinders  or  of  pumice  stone, 

M.  Raspe  further  imagined,  that  the  strata  of 
which  the  surface  of  the  eshth  is  compounded, 
were  origbally  formed  at  the  bottom  of  the  sea 
by  the  consun^  agitatipn  of  the  waters,  and  the 
continual  prodtu9:ioi\and  dissolution  of  plants  an4 
shells ;  after  which,  the  subterraneous  explosions 
and  earthquakes,  breaking  through  the  bottom 
of  the  sea,  not  only  formed  banks,  hills,  and 
submarine  mountains,  of  its  broken  parts,  but 
^  yoi.  I.  E  frequently 
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frequently  raised  it  up  with  its  incumbent  stratsij 
in  sufficient  quantity  to  form  islands  and  dry 
mountains.  He  conceived  that^  at  other  times^ 
the  pressure  of  the  water  occasioned  it  to  break 
through  into  the  cavities  thus  made  by  pre- 
vious eruptions ;  that  at  others^  ^g^in>  the  vio- 
lence of  the  subterraneous  explosions  was  so  great, 
'as  to  remove  such  mountains  from  one  place  to 
another ;  while  the  heat  of  the  fires  was  s6  in- 
tense as  to  melt^  calcine^  or  convert  the  adjacent 
substances  into  stone. 

The  present  crust  of  the  globe,  indeed,  is  not, 
it  may  be  believed,  (here  we  mdy  safely  join 
issue  with  Raspe)  the  same  with  the  primitive 
crust,  or  the  matter  with  which  the  earth  was 
covered  at  the  creation.  The  surface  shews  very 
evident  marks  of  variety  of  revolutions.  In  some 
parts,  the  crust  consists  of  regular  beds  of  earth, 
of  sand,  of  gravel,  of  stones,  placed  horizontally, 
but  not  specifically  according  to  their  respeAivc 
gravities.  In  other  parts,  it  is  a  mass  of  hetero- 
geneous matter.  Which  might  appear  to  have 
been  thrown  together  by  hazard :  earths,  saods^ 
flints,  shells,  confusedly  huddled,  and  in  tibe 
tnidst  of  them  animals  and  vegetables.  How 
fchese  things  were  brought  about,  it  is  not  easy 
to  determine.  It  i3,  however,  clearly  contrary  to 

every 
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everf  Qb$0rvatio0,  tp  ^u^po^e,  th^t^acU  iodivi* 
dual  9tracvim  fwm^  a  %owy  9f  mh«r  a  shellt 
which  8tmcb»  quit^  arwi|4ji  *Bd  eav^lopes 
the  wliple  global  lilie  oq^  qf  iUsk^  cpats  ol  i^ 

onion*  Strata  aire  foumd  in  all  direii^ipna^  Hori- 
2ontal»  peFpei)dicular5  obliqu^^  even  >oiQi^time$ 
waving  vp  fnd  down  for  a  ^hort  way  U]j;o  a  high 
sea  on  the  abatement  of  a  storm«  Raspe'^  doc* 
trine  is  thus  found  not  to  be  free  from  difficulties* 
The  produftion  of  mountain^  was  top  rare  a 
phenomenon,  to  support  a  general  theory  :  and 
moreover,  the  ff  w  islands  and  mountains  which 
had  been  so  formed,  were  not  composed  of  pa* 
rallel  strata,  but  almost  always  consisted  of  irre* 
gular  combinatioi^*  ' 

In  opposition  to  Buffon,  De  Lgc  also  came 
forward  about  the  same  time  with  Raspe,  with 
^rong  and  well  pointed  argument.  This  writer 
supposes  that  when  the  sea  covered  our  conti* 
nepts,  it  had  a  mountainous  bottom,  which  nei- 
ther the  waters,  nor  any  known  cause  had  form* 
ed,  and  which  he  calls  primordial.  Some  of 
these  mountains  arose  above  the  surface  of  the 
•ea,  and  formed  islands.  These  islands  and  the 
ancient  continents  were  fruitful,  and  were  peo- 
p(ed«  The  ancient  sea,  which  covered  the 
SMdero  ones,  had  its  tides,  its  currents,  and  its 
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tempests.  These  powers,  afting  on  soft  matters^ 
produced  accumulations  of  calcareous  substances, 
mixed  with  marine  bodies.  The  rivers,  in  the 
mean  time,  carried  to  the  sea  scattered  frag- 
ments of  terrestrial  vegetables  and  animals ;  the 
sea  itself  washed  them  off  its  coasts ;  and  these 
ntiaterials,  transported  by  its  currents,  became  a 
secondary  soil  upon  the  primordial  bottom. 


C€ 


"  Fires  and  elastic  fluids,**  says  De  Luc, 
formed  by  the  fermentation  which  the  waters, 
filtrated  through  these  bodies,  produced,  made 
various  openings  in  the  bottom  of  the  ocean, 
whence  proceeded  torrents  of  liquefied  substances 
and  lava,  which  gave  rise  to  the  volcanic  moun- 
tains observable  on  the  surface  of  our  continents. 
These  excavations,  when  large  quantities  of 
elastic  fluids  were  engendered,  at  once  produced 
earthquakes,  which  shook  even  the  mountains, 
and  occasioned  in  them  chinks  and  openings. 
These  chinks  were  prevented  from  closing,  by 
the  ruins  that  fell  into  them  from  the  sides  of 
the  mountains,  and  being  afterwards  filled  with 
heterogeneous  substances,  in  whose  composition 
the  sea  water  and  subterraneous  fire  may  have 
concurred,  exhibited  veins,  in  which,  since  they 
have  been  dried,  the  filtration  of  the  waters  has 
produced  z  variety  of  changes,  of  which  many 

are 
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are  observable.  The  bottom  of  the  ancient  sea 
had  under  it  caverns.  The  subterraneous  fires 
reducing,  or  piercing  them^  they  fell  in  from 
time  to  time.  Hence  the  gradual  sinking  of  the 
sea  beneath  its  level.  The  ancient  continents 
being  placed  over  caverns  so  replete  with  fer- 
mentation, their  props  fell  in^  and  they  them** 
selves  disappeared." 

<^  At  the  e^d  of  this  first  part  of  the  great  re- 
Yolution,''  continues  this  philosopher,  '^  the  sea 
covered  all  the  globe,  except  the  islands  of  its 
ancient  bottom,  which  mcreased  in  number  and 
magnitude,  but  continued  still  separate,  until 
the  weight  of  the  water,  added  to  that  of  the 
superior  vaults,  crushed  the  inferior  ones,  and 
deepened  more  and  more  the  new  bed  of  the 
ocean ;  so  that  at  last  by  a  motion,  rapid  though 
not  violent,  all  the  waters  withdrew  from  their 
former  bottom,  and  left  our  continents  dry.  As 
soon  as  our  continents  were  thus  delivered  firom 
the  waters,  the  fermentations^which  they  produ- 
ced, in  combination  with  fire,  and  other  physical 
agents,  ceased.  The  old  volcanos  were  therefore 
extbguished,  and  new  volcanic  eruptions  arose 
in  the  new  bed,  to  which  the  waters  withdrew. 
The  two  genef^l  sources  whence  the  new  earth 
(our  present  continents)  received^  in  consequence, 
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the  germs  iof  fertility  and  po(>ulatidQ5  weire  die 
plafnts,  seeds^  and  animals  that  the  sea,  during 
the  great  rcvohition,  carried  off  from  the  sink- 
ing continents,  and  which,  driven  hy  the  winds 
and  waves,  were  thrown  upon  the  ancient  islands 
{our  present  movmtams)  in  proportion  as  they 
arose  out  of  the  departing  ocean,  and  afterwards 
upon  the  borders  of  the  new  contiiiencs*^ 

These  deposited  materials  of  vegetation  con- 
tinually accumtdated ;  the  change  f£  vcgetaUes 
into  torfy  earth ;  the  diminution  of  fertility  on 
the  high  mountains,  frbm  the  accumulations 
of  snow  and  ice ;  the  waters  of  (he  mountains 
by  the  mouldering  :parts;  and  the  substances 
which  the  rivers  carry  inco'  the  sea  i*''— these 
are  the  five  classes  of  iph^nomena  Which  De 
Luc  with  considerable  4ngdnuity  employs,  to 
prove  the  recent  origin  of  our  continents ;  and 
to  shew,  that  the  preseilt  state  of  the  earth's 
surface  is  not  of  a  very  ancient  date. ,  He 
rdfutes  Boffbn  and  Miran's  notion  of  a  heat 
peculiar  to  the  eerth ;  the  one  attributing  it  to 
the  earth's  being  a  piete  of  the  sun,  and  the 
other  to  a  central  fire.  He  demonstrates,  that 
the  sun  is  neither  a  liquefied  and  burning  sub- 
stance, nor  coukl  be  put  infusion  by  the  motion 
of  comets  around  him ;  that  the  earth  was  not 

originaUy 


LETTER  IX.  71 

origiofljAy  llquc6ed  tQatter ;  that  all  Bufibn's  fan- 
cies rq^acive  to  the  .vitrified  matters  of  .the  earth 
gcown  Jbard^  ate  unphilosophical  in  theory^  and 
j&lse  in  U& ;  that  Buffbn's  notions  concerning 
the  fotnation  and  changes  of  our  continents  by 
the  motion  of  the  sea  from  e^st  to  west^  and 
also  4^at  tl^e  waters  lAay  again  cover  all  parts  of 
our  globe^  are  contraiy  to  the  principles  of  hy- 
dxo^tatiGS^  and  to  the  authority  of  natural  his- 
tory^ ^hat  it  is  not  xrue^  that  the  seas  diminish 
in  yq^ume^  or  suik  gradually  beneath  their  level ; 
:and  th^t  the  successive  coqling  or  refrigeration 
of  >the, earth  is  a  grovqdless  notion* 

<<  MountainSi  on  the  contrary/'  continues  De 
Luc,  *'  were  formed  in  the  heart  pf  the  ocean : 
4Aie  Bux,  te&vXf  and  currents  indisputably  ag- 
ffcgjued  large  qitantities  of  nutter^  and  formed 
.these  mountains  at  the  bottom  of  the  sea.'*  But 
k  was  asked  this  philosopher^  could  the  flux, 
%the  reflux,  and  the  currents  dispossess  these 
jnounrains  of  the  surrounding  waters,  andexhi^ 
bitthem  dry  on  the  &cc  of  the  globe?  The  sea, 
Jie^must  ^icknowledge,  is  always  at  die  samo 
•level;  the  motion  of  its  wateis  is  horizontal: 
whetefore,  .without  some  other  cause  than  these^ 
mountains  must  have  continued  in  their  pristine 
sute  xo  eternity.     To  this  De  Luc  replied-^ 
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**  There  arc  many  mountains^  indeed,  which  hdVe 
not  the  smallest  appearance  of  being  formed 
tinder  the  waters,  and  this  fa6t  causes  an  insur- 
mountable difficulty  in  classing  mountains. — 
Some  have   visibly  been  formed  by  successive 
depdts  in  the  sea  :  but  on  the  contrary,  there  ane 
tDthers  which  have  not  the  smallest  vestige  of 
such  an  origin ;  or  if  they  were  created  in  the 
sea,  must  have  had  some  bther  cause  than  that 
b(  successive  dep6ts,  and  have  preceded  the  ex- 
istence of  marine  animals.     But   in    truth,^' 
says  he,  "  there  is  no  occasion  to  have  recourse 
to  different  continuances  of  the  ocean  on  our 
continents,  for  the  explanation  of  the  formation 
of  the  secondary  mountains*     The  revolutions 
which  the  bottom  of  the  sea  must  anciently  have 
undergone,  and  the  cones  of  volcanos,^are  suf- 
ficient to  account  for  the   formation  of  the 
secondary  mountains*    From  these  revolutions, 
different  depots  must  have,  arisen  in  the  same 
places,  or  in  neighbouting  situations.     As  to 
the  different  nature  of  matters,  whether  vitreous 
or  calcareous,  these  transmutations  may  be  con- 
ceived to  have  been  produced  under  the  waters, 
without  having  recourse  to    marine  animals. 
Neither  do  I  insist  upon  this,"  says  De  Luc,  "  if 
it  shall  be  in  any  manner  objected  against  me. 
It  k  Very  dilEcuI^  to  determine  on  suqh  points  : 

at 
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«t  the  same  skne,  I  wHl  never  allow  that  vitreous 
couM  have  preceded  calcareous  jubstances.** 

'*  If  I  compare  mountains  of  granite  and  of 
marble,"  says  De  Luc,  "  I  have  no  difficulty  in 
ranging  them  in  their  proper  classes.  Granite 
is  a  hard  substance  which  gives  fire  with  steel ; 
marble  is  soft,  and  can  be  scratched  with  a  knife. 
Granite,  exposed  to  a  certain  heat,  is  reduced 
to  a  glass ;  marble  is  reduced  to  a  lime.  Gra- 
nite resists  an  acid ;  marble  is  corroded  by  it. 
It  appears  then  that  these  substances  are  totally 
different.  As  to  their  formation,  granite  has 
no  beds  which  can  mark  it  to  have  been  raised 
by  accumulations:  whereas,  on  the  contrary, 
marble  is  always  in  beds,  and  besides  has  mani* 
fest  tokens  of  having  been  formed  by  accumu- 
lations at  different  periods.  The  crystallis^ation 
which  are  found  in  granite,  are  almost  always 
of  a  siliceous  substance,  quartz :  whereas  tQarble 
faa3  always  spath,  which  is  a  calcareous  one.  In 
granite,  there  ate  mines  of  tin ;  but  tin  is  never 
found  in  marble.  In  marble,  marine  bodies  have 
always  been  found ;  in  granite,  never.  Thus^ 
of  these  two  sorts  of  mountains,  the  one  offers 
nothing  which  can  authorise  us  to  suppose  it 
formed  in  the  sea ;  and  the  other  offers  every 
thbg  to  ascertain  such  formation.    The  former 

then 
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4tbai  I  caU  primordial  and  the  latter  Sicmiar^' 
mountaios :  and  in  places  where  they  are  inter- 
mixed^  it  will  invariably  be  found,  that  those 
xwliich  have  been  formed  in  beds,  andwhidi  con- 
tain marine  bodies,  often  cover  tkose  of  the  other 
clas^  ibut  are  never  found  covered  vice  versa* 
But  tesidcis  these/*  says  De  Luc,  "  jve  find  ac- 
cumulations of  slate  lying  horizontally,  or  a 
little  incUned,  which  conta,in  betweea  their  la- 
mvDgt  the  ^impressions  o^  foreign  bodies,  such  as 
shells,  fishes,  yegetaUes.  These  undoubtedly 
.are  secondary  tnountains.  Other  slates,  again, 
are  found  jvith  their  beds  vertical,  and  without 
either  yest;ige$  or  msuiks  of  other  substance^. 
AnQthej  species  of  mountain,  likewise,  is  that 
which  isicqmposed  of  a  s^iidy  stone,  and  has  no 
traces  of  maripe  ^nimals^  and  which,  in  their 
intermixture  with  the  primordial  mountains, 
often  coyer  them^  but  are  oever  covered  by  theqi. 
Is  it  not  possibly  tbcn,  there  may  be  parts  at 
the  bottprii  of  the  sea,  iwhe^;c  there  are  no  ani-^ 
mals,  or  where  ppismiiQ^Ls  chuse  to  live  ? 

*^  Th.e  ,gi:eatest  roowptgins  on  the  globe,** 
continues  this  writer,  "  were  not  formed  upder 
the  waters ;  .they  owe  their  origin  to  some  other 
cause  ;  fmd  they,  are  by  far  the  most  numerous. 
The  Aipsj  the  Apennines,  the  Pyrenees^  and  I 

doubt 
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doubt  not^  from  what  Mons«  de  la  QxHlamine^ 
says^  the  Covdelliers  are  of  this  primordial  class. 
It  is  s^reed^  but  erroneously,  that  these  primor* 
dial  and  secondary  classes  of  moimtains  must 
have  existed  at  the  bottom  of  the  sea,  and  that 
the  latter  (by  being  found  intermixed,  and  by 
reposii^  on  the  former)  nrast  have  been  creating 
in  the  aiudent  ocean,  M  the  time  when  the  pri- 
^  mordial  ones  were  arrived  at  their  ftdl  size.  The 
real  fad  is,  however,  that  <he  sea  makes  two 
KMTts  of  mountains,  in  their  nature  totally  difie^ 
tent.  The  one  is  formed  at  its  bottom ;  the  other, 
on  its  shores.  The  latter  arises  every  where,  firom 
light  moveable  substances  being  pushed  from  its 
interior  to  its  exterior.     For,  let  the  wind  blow 
from  whatever  quarter  of  the  compass  it  may, 
when  there  are  waves,  they  will  always  roll  to- 
wards the  shore :  and  the  tide  also  daily  drives 
substances  before  it,  which  the  reflux  never 
carries  back.    Thus,  by  both  one  and  the  other 
of  these  causes  always  afting,  there  must  be  col- 
leAed  on  all  shores,  where  there  are  not  currents, 
shelving  bonks..    As  to  volcanic  mountains ^  the 
•mannef  in  which  they  are  generally  formed  is 
this :— »A  mouth  of  fire  is  opened  in  a  low  place, 
that  is  to  say,  on  the  level  of  the  soil :  that 
mouth  vomits  a  quantity  of  burning  matters ; 
some  of  which  run  in  lava,  and  others,  thrown 

into' 
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into  the  air,  ^H  under  various  denominations^. 
These  different  matters,  in  accumulating,  form 
a  cone,  the  necessary  shape  given  by  accumula- 
ted substances  falling  from  the  same  given  point. 
So  long  as  the  original  mouth  is  fed,  and  keeps 
open  for  the  discharge  of  the  fiery  contents  of  its 
bowels,  the  cone  continues  to  increase:  but 
should  it  be  stopped,  the  explosive  matter  finds 
its  way  latterally,  and  thence  forms  little  moun- 
tains. Almost  all  islands  are  now  looked  upon 
to  be  volcanic  produdion3  in  the  sea^  of  this 
nature ;  and  the  calcareous  and  volcanic  matters 
found  in  them,  intermixed  with  shells  and  im- 
pressions of  fishes  and  plants,  prove  it  demon*- 
^trably/' 

*^  On  the  night  of  the  t9th  of  September, 
1538,  after  two  years  of  almost  continual  earth- 
quakes, and  above  all,  after  a  day,  during  which 
the  earth  was  constantly  agitated,  an  opening 
mras  forced  in  the  middle  of  a  fertile  plain,  out 
of  which  issued  fire,  stones,  and  sand,  which 
formed  the  little  mountain  called  II  Monte  Nuovg. 
It  occasioned  the  ruin  of  many  edifices,  of  fields, 
men,  and  cattle ;  and  buried  u^der  its  accumulat- 
ed platter,  the  whole  Burgh  of  Tipergola.  It  is 
about  three  miles  in  circuit,  ai^d  ^  quarter  of  a 
jnile  in  height/* 

let: 
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The  explanation,  which  had  been  given  of 
the  production  of  certain  mountains  by  volcanic 
eruptions,  was  afterwards,  by  very  intelligent 
men,  applied  to  account  for  the  existence  of  all 
mountains  whatever.  Mons.  Pallas  undertook 
to  refute,  by  what  he  conceived  undoubted  fads, 
the  antiquated  opinion,  that  mountains  arose 
from  the  waters.  He  travelled,  by  order  of  the 
Empress  of  Russia,  through  her  dominions  In 
Europe,  and  in  Asia ;  and  during  the  course  of 
a  minute  and  fatiguing  investigation,  found  that 
the  majestic  primitive  chains  of  mountains  of 
Siberia  were  all  granite  with  a  basis  of  quartz, 
more  or  less  mixed  with  spars,  mica,  and  little 
portions  of  basaltes,  scattered  without  order^ 
and  in  irregular  fragments.  This  ancient  rocky 
substance,  and  the  sand  produced  by  its  decom- 
position, he  held  to  be  the  basis  of  all  our  con- 
tinents. This  granite  he  never  found  lying  in 
strata  or  beds ;  it  was  either  in  blocks,  or  in 
masses,  accumulated  upon  each  other,  and  never 
exhibiting;  the  least  .m.afl;  or  vestige  of  petri- 
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faAioDi  or  of  organical  impression.  Besides 
which,  he  maintained,  that  in  addition  to  these 
primordial  mountains,  there  were  others  of  a 
more  recent  origin.  These  he  called  secondary 
and  tertiary  :  the  former,  which  were  schistous^ 
he  said,  were  prodiKed  at  the  sides  of  the  pri- 
mordial mountains,  by  the  decomposition  of  the 
granite ;  the  latter  arose  from  the  wrecks  and 
contents  of  the  sea,  raised  and  transported  by 
volcanic  eruptions,  and  consequent  inundations. 

On  an  bypothesb  somewhat  similar,  othen 
have  ingeniously  contended  that  mountains  were 
incontrovertibly  produced  by  volcanos,  and  not 
volcanos  by  mountains.  "  The  entire  basis  of 
the  Island  of  Ischia^''  says  Sir  William  Hamilton, 
**  about  eighteen  miles  in  circumference,  is 
formed  by  lava.  The  great'  mountain  in  it,  for- 
merly called  Epomeus,  and  now  San  Nicolo, 
which  is  nearly  as  high  as  Vesuvius,  was  thrown 
up  by  degrees,  and  the  entire  island  has  arisen 
out  of  the  sea.'*  The  same  creation  he  gives  to 
Vesuvius  itself.  "  For  why,"  said  he,  "  should 
not  Vesuvius,  in  a  succession  of  ages,  rise  to  two 
thousand  feet,  when  it  Is  well  known  Montagne 
Nuovo,  near  Purzole,  rose  out  o£  the  Lucrine 
Lake  in  one  night  ?  But,  as  I  have  already  said, 
thi$  was  no  new  dodtrine.    An  Italian  writer 
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pisblished  a  book  at  Venice  in  1 74O5  m  which 
he  maintained  thai:  mountains  had  tyeen  raited 
in  the  sea  by  subtertaneous  fires^  and  bald  carried 
trith  them  the  shells  of  fishes^  and  other  marine 
bodies  usually  found  at  the  bottom  of  the  ocean* 
Even  in  Hooke*s  Discourse  on  Earthquakes^  pub«» 
lished  in  i688>  mention. is  made  of  the  bottom 
of  the  sea  having  been  raised  by  subterraneoui 
fires ;  and  he  accounts  for  the  shells  which  afo 
found  on  mountains  from  that  principle^  and 
thinks  it  not  improbable  that  earthquakes  were 
instrumental  in  occasioning  the  deluge.  But,  a 
mountain  at  Taberg  in  Sweden,  said  to  consist 
entirely  of  iron  ore^  (the  only  ore,  by  the  way,  of 
which  entire  mountains  have  ever  been  found  to 
be  composed)  four  hundred  feet  high,  and  in  cir* 
cumfer^nce  about  three  miles,  seemed  to  admit  of 
no  positive  explication,  but  on  the  contrary,  went 
to  the  solid  conclusion,  that  no  hypothesis  pro** 
posed  for  the  formation  of  mountains  had  yet 
proved  satisfaftory,  or  free  from  contradidtion. 
-No  ore  was  found  beyond  the  foot  of  this  moun* 
tain.  It  appeajed  as  if  it  had  been  artificially  laid 
upon  the  land ;  and  yet  the  bones  of  animals 
were  found  in  its  interior  fissures* 

It  is  no  doubt  a  matter  of  fad,  that  there  are 

some  eminences  on  this  earth,  improperly  called 

mountains. 
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mountaios^  which  are  little  else  than  heaps  oC 
cinders  and  of  pumice  stones,  cast  up  by  erup-' 
tions,  but  aggregated  and  settled  into  masses. 
Yet,  such  are  no  sufficient  refutation  of  the  opi* 
nion,  that  volcanos,  so  far  from  being  causes  to 
operate  to  the  raising  of  mountains,  are  diredUy 
the  reverse,  and  most  decidedly  tend  to  their 
lowering  and  destruction/^  The  earth  is  rather 
depressed  than  elevated  by  forces  from  beneath. 
•^— No  volcano,  or  earthquake,  ever  produced, 
within  the  knowledge  of  man,  what  should  be 
called  a  mountain.  The  shock  would  be  too 
great  for  the  globe.  In  all  the  tremendous  ac- 
cidents, which  have  happened  within  the  me- 
mory of  record,  has  there  ever  been  one,  whence 
proof  can  be  deduced  that  a  granite  mountsun 
has  been  raised?  The  contrary  I  should  sup- 
pose to  be  the  case.  Moreover,  the  configuration 
of  their  internal  parts  renders  it  incredible,  that 
structures  so  uniform  and  regular,  should  hav^ 
been  produced  by  sudden  explosions,  or  de- 
sultory succussions  of  the  eartl;, 

Borelli  on  this  subject  observed,  that  the  fire 
of  a  volcano  neither  proceeded  from  the  center^ 
nor  from  the  bottom  of  a  mountain,  but  from 
the  top ;  and  that  the  inflapimatton  never  kindled 
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hot  at  a  small  depth.  BuiTon  adopted  the  same 
opinioR,  and  maintained,  that  the  materials 
ivhich  issued  from  volcanos  were  always  the  same 
Vfith  those  on  the  top  of  the  mountains,  only 
disfigured  by  calcination,  and  the  melting  of  the 
metallic  particles  they  contabed.  '*  Fire/'  says 
be,  ^^  it  is  known,  sl&s  equally  on  all  sides.  It 
cannot  therefore  ad  upwards  with  a  force  suffi- 
cient to  throw  large  stones  half  a  league  high, 
ivithout  an  equal  re-adion  on  the  base  and  sides. 
Why,  then,  if  the  volcanic  matter  lies  deep,  does 
it  not  issue  out  of  plains^  where  the  resistance  is 
Jess  than  on  the  top  of  mountains  ?  This. is  not 
inconsistent  with  their  being  the  cause  of  con- 
siderable earthquakes,  nor  with  their  communi* 
cation  by  subterraneous  passages.  It  is  not 
difficult  to  discover  the  reason  why  volcanos  ap- 
pear only  in  mountains.  Greater  quantities  of 
minerals,  sulphur,  and  pyrites  exist  in  mountains 
than  in  plains.  Mountains  are  moie  subjed  to 
the  impressions  of  the  air,  and  receive  more 
rain  and  moisture,  by  which  mineral  substances 
are  capable  of  being  fermented  to  such  a  degree 
<ts  to  produce  adual  inflammation." 

But,  ingenious  as  this  idea  is,  it  is  not  satisfac- 
torily founded.  Fire  must  be  supposed  much 
deeper  than  either  the  centers^  or  the  basis  of 
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mountains.  Bufibn^  indeed,  acknowledges^  that 
YOlcanos  never  exiit  but  in  high  mountains ;  but 
yet  he  supposes  that  some  are  connefted  with 
others  by  subterraneous  passages,  the  eruptions 
tioc  unfirequently  ha]^ning  at  the  same  time* 
^^  Volcands/'  says  he  in  his  figurative  laiq^uage, 
^'  are  immense  caverns,  with  apertures  often  of 
more  than  half  a  league  in  circumference ;  and 
certain  fanciful  writer^  have  considered  them  as 
vents  to  the  central  fire/'  Whatever  others  might 
have  said  upon  this  subjeft,  or  whatever  Bufiixi 
iiimseif  might  have  conjeftured,  the  fair  result  of 
Investigation  seems  So  establish  that  volcanos, 
(and  they  have  been  peculiar  to  no  dimate)  had 
neither  a  necessary,  nor,  in  general,  an  accidental 
connedum  with  other  mounuins^  *  With  the 
sea,  indeed,  they  invariably  appear  to  have  had 
the  closest  and  most  inseparable  alliance.  AU 
^uch  as  have  been  traced  in  a  living  state,  have 
been  found,  in  generd,  in  the  neighbourhood 
of  the  sea.  Those  extinguished,  though  in  the 
inland  parts  of  countries,  afford  convincing  proof 
that  the  sea  has  been  in  their  vicinity,  when  they 
probably  were  in  their  strength.  In  Peru,  they 
rest  upon  granite ;  in  Hesse  and  Bohemia,  on 
schistus ;  in  Silesia,  Italy,  and  other  southern  parts 
of  Europe,  on  lime*stone;  and  all  these  substances 
are  indisputably  of  aquatic  origin.     Subter- 
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smicous  fires  bare  existed  uuversally  in  the 
bowels  cf  the  earth;  and  there  is  scarcely  a 
couDtryt  where  the  ravages  thej  have  occa- 
sionedy  are  not  to  be  traced.  Mons.  Conda* 
mine,  in  17559  writes,  that  all  the  hills  and 
mountains  about  Naples  are  huge  heaps  of  mat- 
ter vomited  hy  volcanos,  which  are  now  extinft, 
whose  eruptions,  anterior  to  history^  seem  to 
have  formed  the  ports  of  Naples  and  Puzzoli. 
He  could  tiace  lava  the  whole  way  from  Naples 
to  Rjome.  ^^  It  is  impossible/*  says  he,  ^^  for  any 
one  not  to  be  satisfied  of  a  peifeft  resemUance  bc« 
tween  the  produ6tions  ol  Vesuvius  and  those  he 
will  meet  with  at  every  step  in  his  way  from 
Naples  to  Rome ;  from  Rome  to  Viterbo ;  and 
from  Rome  to  Loretto.  When  I  see  on  an  ele* 
vated  plain,''  continues  he,  a  ^^  circular  bason, 
surrounded  with  calcined  rocks,  the  verdure  with 
which  the  neighbouring  fields  are  covered  does 
DOt  impose  upon  me ;  I  instantly  perceive  the 
ruim  of  an  ancient  ^volcano*  If  diere  be  a  breach 
in  the  circle,  1  find  out  the  passage  of  the  tor- 
rent of  hva.  If  there  be  no  breach,  the  rain 
and  spring  waters,  which  assemble  there,  havmg 
no  issue,  generally  form  a  lake  in  the  mouth  of 
the  volcano*  I  lode  upon  the  Apennines  and 
Cordelliers  «{  a  chain  of  vokanos*  I  do  not, 
indeed,  affirm  that  all  mountains  are  so.  I  could 
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not  observe  the  same  s^pearances  in  the  Alps  ; 
but  I  have  found  the  same  in  Dauphiny  and  in 
Provence ';  and  most  cx>untries  afford  instances 
of  it/' 

What  Coiidaminc  says,  is  certamly  just.— 
The  coast  of  Pausillipo,  at  Naples,  the  Capo 
de  Monte,  and  the  whole  mass  through  which 
the  catacombs  are  excavated,  are  all  indurated 
tufa  &  piperno,  which  is  so  readily  distin- 
guished by  its  fragments  of  close  grained  lava. 
The  shores  from  the  ruins  of  Pompeia  to  the  sea, 
for  the  distance  of  two  miles,  are  known  to  be 
formed  of  pumice  stone,  pozzolano,  and  cinders, 
that  fell  in  the  yeair  79.  In  short,  the  whole 
sweep  of  the  bay  of  Naples,  from  Stabea  to  Baia, 
is  nothing  more  than  volcanic  matter,  meliorated 
by  time  and  culture  into  vegetable  earth.  On 
this  subjeft  Micheli  published  in  17  33-  He 
was  the  first  who  punued  the  traces  of  volcanic 
produ&ions  among  the  Apennines,  particularly 
in  the  neighbourhood  of  Radicofani.  The  ob* 
servations  of  Condamine,  however^  seemed  to 
establish  one  strong  faA,  namely,  that  the  Alps 
has  not  the  smallest  vestige  of  a  volcanic  origin. 
Notwithstanding  all  this,  the  theory  of  the  vol- 
canic formation  of  all  mountains  was  for  a 
long  time  supponed*    Philosophers  struggled 

for 


LETTER    X.  85. 

for  their  opinion  with   a  violence  resembling 
that  of  their  favourite  clement.     But  they  were 
at  length  staggered.      Farther  observation  gave 
increasing  probability  to  Condamine*s  ideas  re- 
lative to  the  Alps.     Mons.  De  Saussure,  the  in- 
trepid and  respedtable  ornament  of  science,  at 
present  at  Geneva,  particularly  supported  them 
in  one  of  his  publications.   "  Jusques  a  ce  jour/* 
says  this  able  man,  *^  on  n'a  trouve  aucun  vestige 
des  volcans,  ni  dans  nos  environs,  ni  mSme  dans 
toute  la  Suisse ;  &  qu'apr6s  avoir  visite  moi- 
meme  en  bien  des  endroits,  &  avec  I'attention  le 
plus  scrupuleuse,  toute  cette  partie  de  la  ch^ine 
des  Alpes,  qui  s'etend  depuis  Grenoble  jusques  k 
Jnspruck,  je  n'ai  pas  apper9U,  a  Texception  de 
quelques  eauz  Thermales,  le  plus  leger  indice 
defeuxsouterrains/'  But,  of  this,  we  shall  have 
much  more  to  say  hereafter ;  I  shall,  for  the 
present,  merely  remark  that  De  Saussure  himself 
has,  since  this  publication,  discovered  indisputa-> 
ble  volcanic  remains,  not,  indeed,  immediately 
among  the  Alps,  but,  in  fadt,  not  very  distant 
from  their  neighbourhood. 
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From  the  preceding  letters  you  will^  I  fcar^ 
have  been  wearied  with  theories  and  systtta$  of 
the  earth;  but  the  exhibition  was  necessary. 
Nor  can  you  now  be  released  until  twa  inge* 
nious  philosophers  of  your  own  country,  Mr. 
Whitehurst  and  Dodor  Hutton,  together  with 
their  hypotheses,  shall  have  been  introduced  to 
your  acquaintance. 

Mr.  Whitehurst  supposes  that  not  only  this 
globe,  but  the  whole  of  the  planetary  system^ 
was  once  in  a  state  of  fluidity,  and  that  it  ac* 
quired  its  oblate  spheroidical  fprm  by  revplving 
round  its  axis  In  that  state.  '^  Each  orb,"  says 
he,  '^  has  its  equatorial  diameter  greater  than  its 
polar.  Each  is  subjed  to  the  sanie  laws  of  gra« 
vity  and  centrifugal  force.  Consequently  the 
earth,  if  it  were  created,  must  have  been  brought 
into  existence  in  a  solid  or  a  fluid  state.  If  solid^ 
it  must  have  been  dissolved,  and  yet  no  uni-^ 
versal  dissolvent  has  been  found  in  nature.  Flu- 
idityi^  therefore,  was  its  state,  and  that  fluidity 

was 


LETTER   XU  .  87 

wa$  owing  to  the  first  assemblage  of  its  com- 
pooent  parts.  The  compoaent  parts,"  continuesr 
he^  **  of  the  most  dense  bodies  becoaie  suspended 
in  whatever  menstruum  they  are  dissolved—-^ 
Gold  in  aqua  regia ;  silver  in  aqua  fortis ;  salts 
in  water ;  and  water  in  air.  The  component 
parts  d[  the  earth  were  thus  suspended  in  one 
general  undivided  mas9  or  pulp,  ^  without 
form  and  void/  This  was  the  chaos.  These  parts 
were  indued  with  a  variety  of  principles  or  laws 
of  eledive  attradtions,  though  equally  'and  uni- 
veisally  governed  by  one  and  the  same  law  of 
gravitatioo.  They  were  heterogeneous,  and  by 
their  attra^ion,  progressively  formed  a  habitable 
world.  Not,  indeed,  that  God  was  unable  to 
have  formed  an  habitable  world  in  a  momentt 
To  him  every  thing  was  possible.  But,  as  man 
can  jifdge  only  of  modei,  so  by  modes  only  can 
he  conceive  a  creative  operation*  As  the  com-* 
ponent  parts  of  the  chaos,"  proceeds  Whitehurst, 
**  progressively  separated,  the  sea  universally  pre-.- 
vailed  over  the  earth ;  for,  if  during  the  separa-r 
tion  of  the  atmosphere  and  the  ocean  from  the 
^otic  mass,  the  earth  had  been  perfectly  free 
from  the  attra<^ive  influence  of  all  other  bodies^p 
the  solids  would  equally  have  subsided  from 
every  part  of  its  surface,  and  consequently  have 
iKpome  equally  covered  with  water.    But  the 
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sun  and  moon' were  coeval  with  the  earthy  and 
their  attradive  influence  interfered  with  the  re- 
gular uniform  subsidbg  of  the  solids;  for 
as  the  separation  of  the  solids  and  fluids  in- 
creased^ so  in  like  manner  the  tides  increased, 
and  removed  the  solids  from  place  to  place, 
without  any  regularity.  And  hence  the  sea  be- 
came unequally  deep,  and  those  inequalities 
daily  increasing,  in  process  of  time  dry  land  ap- 
peared, and  divided  the  sea.  Primitive  islands, 
thus  like  sand  banks  in  the  sea,  became  formed. 
And  hence,  as  the  central  parts  of  the  earth  be* 
came  more  immediately  quiescent  than  those  re- 
mote from  the  center,  it  was  to  be  presumed 
that  the  former  began  to  consolidate  before  the 
latter ;  and,  therefore,  it  was  repugnant  to  the 
laws  of  nature  to  suppose,  that  the  central  part 
should  consist  of  water  only,  and  the  more  su- 
perficial of  a  shell  or  crust,  as  some  writers 
had  imagined.  As  the  primitive  islands,  "  con* 
tinues  Whitchurst,*'  were  more  ponderous  and 
less  elevated  than  the  bottom  of  the  sea,  may 
we  not  infer  that  the  former  more  immediately 
subsided  into  the  ocean  of  melted  matter  than 
the  latter,  and  therefore  became  the  bottom  of 
the  postdiluvian  sea;  and  the  bottom  of  the 
antediluvian  sea  being  more  elevated,  was  con- 
verted with  the  postdiluvian  mountains,  and 
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continents  ?  A  coi^edture  this,"  says  he,   **  re- 
markably confirmed  by  the  vast  number  of  fossil 
shells,  and  other  marine  exuvias  found  imbedded 
near  the  tops  of  ipountains,  and  the  interior 
parts  of  continents,  remote  from  the  sea,  in  all 
parts  of  the  world.   Hence  mountains  and  con<^ 
tinents  were  not  primary  productions  of  nature^ 
but  of  a  very  distant  period  from  the  creation 
of  the  world,  a  time  wherein  the  strata  had  ac« 
quired  thbir  greatest  degree  of  cohesion  and  firm* 
ness;   and  at  a  time,  in  which  the  testaceous 
matter  of  marine   shells  was  become  changed 
to  a  stony    substance  ;   for  I  have  frequently 
observed  in  the  fissures  of  lime-stone  strata," 
proceeds  this  philosopher,  "  fragments  of  the 
same  shell  adhering  to  each  side  of  the  clift. 
Some  of  the  postdiluvian  mountains,  we  know 
to  be  upwards  of  three  geographical  miles,  ot 
19,026  feet  above  the  level  of  the  sea;  whereas 
we  cannot  suppose  the  antediluvian  hills  to  be 
more  than  forty  or  fifty  feet    perpendicular 
height  above  it,  since  they  were  formed  by  the 
aftion  of  the  tides,  as  sand  banks  are  formed  in 
the  ocean."  Mr.  Whitehurst  afterwards  goes  on 
to  the  exemplification  of  his  data,  and  in  so 
doing  discovers  a  very  accurate  knowledge  of 
mineralogy,  and  of  the  peculiar  properties  of 
the  several  strata  of  which  the  surface  of  the 
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earth  is  composed :  but  stiU  it  i$  not  posslblo 
to  subscribe  to  his  general  doftrioe.  For,  why, 
for  instance,  must  the  world  have  been  created 
either  absolutely  solid,  or  absolutely  fluid  ?  Why 
might  it  not  have  been  created  panly  one  and 
partly  the  other,  as  is  evidently  its  state  at  pre* 
sent  ?  Or  why  should  we  admit  that  the  loftiesc 
of  the  antediluvian  hills  could  not  have  been 
more  than  fifty  feet  in  elevation  ?  Such  assertions 
as  these  are  too  arbitrary  to  be  icnplicitly  ac^ 
quiesc^  in ;  nor  in  &d  are  they  upon  any  princi- 
ple of  reason  to  be  supported,  although  they  afford 
their  author  an  opportunity  of  displaymg  t^ucb 
information  and  ingenuity. 

This  theory  of  Mr.  Whitehurst  is  altogeAer, 
you  will  perceive,  in  opposition  to  those  which 
had  preceded  him,  if  we  except  only  in  some  in* 
stances  that  of  Monsieur  Le  Cat.  But  a  vitreous 
or  a  turbid  fluidity ;  a  world  formed  from  a  mass 
of  burning  matter,  or  from  a  mass  of  muddy  and 
heterogeneous  particles;  each  and  all  are  fav 
from  iiSbrding  a  satisfaAory  explanation  of  the 
manner  in  which  the  God  of  Nature  efieded  ^ 
creation.  We  might  with  equal  propriety  admit 
of  the  idea  of  the  celebrated  Dodor  Halley, 
who,  in  attempting  to  account  for  the  variations 
of  the  magnetic  needle,  by  reason  of  a  loose  iht 
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tcmal  nudeui  within  the  eardt,  oonjeftoivd  that 
the  world  we  live  upon,  might  have  another 
habitable  world  within  it,  surrounded  by  a  sys* 
tern  of  sid>terraneous  luminaries,  similar  to  those 
which  give  light  to  the  upper  earth,  but  com-^ 
pichended  within  a  smaller  sphere. 

r 

Next  comes  the  theory,  and  I  believe  it  is  the 
latest  that  has  been  published,  of  a  naturalist  of 
eminent  abilities^  Dodtor  Hutton.    His  general 
system  may  be  comprised  in  these  four  propo- 
sitions.  I  St,  That  all  our  rocks  and  strata  have 
been  formed  by  subsidence  under  the  waters  of 
a  former  ocean,  from  the  decay  and  waste  of  a 
former  earth,  carried  down  to  the  sea  by  land 
floods.    2d,  That  these  submarine  rocks  and 
strau  were  heated  to  the  degree  of  fusbn  by 
subterraneous  fire,  while  emened  under  the  wa*^ 
ten  of  the  ocean ;  by  which  heat  and  fusion  the 
lax  and  posoua  sediment  was  consolidated,  per- 
fedly  cemented^  and  all  the  cavities  filled  up 
by  the  melted  matter,  while  the  whole  mass  was 
in  a  state  of  fusion*    gd.  That  the  rocks  and 
strata,  so  formed  and  consolidated  under  the 
waters  of  the  ocean,  were  afterwards  inflated  and 
forced  up  from  imder  water  by  the  expansive 
power  of  the  subterraneous  fire,  to  the  height 
lai  our  hubitablq  earth,  and  of  the  loftiest  moun- 
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tabs  upon  the  suifiure  of  the  globe.  4th^  That 
these  operations  of  nature^  namely^  the  decay  and 
waste  of  the  old  land,  the  forming  and  consoli- 
dation of  new  land  under  the  waters  of  the 
oceao^  and  the  change  of  the  strata  now  forming 
under  water  for  future  dry  land,  are  a  progressive 
work,  which  always  did,  and  always  will  go  on 
in  a  perpetual  succession,  forming  world  after 
world. 

In  this  theory,  Doftor  Hutton  wisely  steers 
clear  of  a  rencounter  with  the  sun;  which  it 
had  been  well  for  his  predecessors  if  they  had 
avoided  also;  and  1,  in  glancing  at  his  theory, 
will  attempt  to  be  equally  prudent,  and  neither 
give  a  conjefkure  at  a  solar  shock,  nor  inquire 
whether  the  center  of  the  earth  be  a  solid  or 
fluid,  light  or  heavy,  dense  or  rare,  hot  or  cold. 
I  have.no  business  with  what  I  cannot  examine. 
The  superficies  of  this  planet  is  all  that  is  given 
to  my  inspe&ion.  Dodtor  Hutton,  however, 
treads  rather  too  much  in  the  steps  of  BufTon 
on  the  one  aide,  and  of  Mdro  on  the  other ;  and 
gives  too  implicitly  into  the  belief  of  the  eternity 
of  the  world ;  notwithstanding,  he  is  satisfaftory 
and  perspicuous  in  many  parts  of  his  system. 
For  Instance,  the  decomposition '  and  waste  cf 
the  surface,  of  the  rocks  and  strata  of  moun- 
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tabs  and  cavernous  shores,  and  the  formation 
of  strata  under  the  waters  of  the  ocean,  are  points 
which  are  to  me  evident,  and  which  I  shall  hava 
occasion  to  insist  upon  largely  hereafter. 

At  the  same  time,  I  confess,  I  am  far  ftom  being 
inclined  to  say,  that  the  earthy  matter,  borne 
down  by  the  floods,  is  not  frequently  thrown  back 
upon  the  shores,  into  bays  and  creeks,  ^nd  into 
the  mouths  of  rivers,  where  it  forms  deltas^  and 
in  many  instances,  enlarges  the  bounds  of  the  dry 
land.  .  Jhe  Ganges,  the  Indus,  the  Nile,  and 
various  celebrated  rivers,  prove  it.  But  with  the 
wrecks  of  the  earth  in  general,  together  with 
the  aid  of  similar  earth  at  the  bottom  of  the 
ocean,  I  am  greatly  mistaken  if  we  shall  not 
find  that  that  which  is,  might  have  had  a  sub* 
marine  formation,  and  that  which  may  be,  may 
naturally  be  supposed  to  have  a  like  progres* 
sion.  But,  in  regard  to  the  dodrine  of  the 
consolidation  of  our  rocks  and  strata,  while 
under  the  waters  of  the  oceaQ,  by  the  heat  and 
fusion  of  subterraneous  fire,  such  hypothesis  is 
too  slenderly  supported  by  phenomena,  to  be 
easily  adopted.  The  very  reverse  would  more 
probably  appear  to  have  been  the  case ;  for  fire 
is  not  wanted  for  the  consolidation  of  the  parts 
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of  terrene  substances :  v^itoess,  stalaAitst^  in« 
crustations^  ud  the  numerous  body  oi  common 
homogeneous^  and  even  compounded  indurated 
matters^  which  are  formed  by  the  accretion  oF 
particles,  accumulated  and  deposited  by  water. 

More  of  this,  however^  in  its  proper  place.  I 
have  only  this  remark  to  make,  that  to  me  it  is 
as  wild  to  plunge  to  the  center  for  an  imaginary 
heat,  as  it  is  to  mount  to  the  sun  for  an  imagi- 
nary glass;  and  that  all  terrene  and  mineral 
substancesi,  with  a  few  volcanic  exceptions,  point 
with  a  legible  index  to  water,  as  to  the  chief 
agent  of  their  formation. 

But  the  very  principle  of  specific  gravity, 
upon  which  these  theories  are  attempted  to  be 
accounted  for,  affords  as  little  assistance  to- 
Ivards  their  support,  as  their  original  state  of 
fluidity  can  be  supposed  to  be  in  their  format 
tion;  for  if  every  thing  was  arranged  ac- 
cording to  its  specific  gravity,  metals  should  be 
nearest  to  the  center,  and  be  to  the  earth  what 
the  stone  is  to  the  firuit.  If  gravity  regulated 
every  thing,  why  is  the  earth  uppermost,  when, 
according  to  such  reasoning,  it  should  be  uhder 
the  waters  ? — Yet,  although  we  are  thus  power- 
fully driven  from  an  acquiesence  in  the  princi- 
ples 


t>les  of  these  theories;  there  yet  comes  a  stagger^ 
iiigy  perhaps  an  mianswerable  question — ^What 
inust  have  been  the  constituent  parts  of  the  earthy 
or  its  general  consistency^  previous  to  its  ar- 
rang^ent  itato  its  present  form  i  Here,  I  own, 
we  are  in  total  darkness.  It  is  easy  for  us  to 
dissent  from  the  admission  of  the  solar  fbig« 
ment,  of  the  central  fire,  or  of  the  chaotic  fluid ; 
but  what  is  to  be  substituted  in  their  place,  I  am 
afraid,  it  is  out  of  our  power  to  discover.  Let 
us  rest,  therefore,  where  we  are.  It  cannot  be 
for  our  interest,  or  our  satis&Aion,  to  investigate 
8o  incomprehensible  a  subjeft.  The  mystery 
of  creation  is  greatly  beyond  the  powers  of  our 
intelleft. 

It  is  wonderful  indeed  to  refleft,  and  you  must 
pardon  me  for  agaio  repeating  it,  on  the  hardi- 
ness of  philosophers.  To  the  mechanical  erec* 
tion  of  a  common  fabric^  they  would  compare 
the  divine  formation  of  an  universe.  Is  it  not 
to  be  asked  them,  if  they  have  ever  been  so  cir^ 
cumstanced,  as  to  see  nature  in  any  such  situ- 
ation, as  to  resemble  the  first  arrangement  of 
the  elements ;  if  within  the  circle  of  their  little 
view,  there  ever  have  been  worlds  formed  under 
their  eye ;  or  if  they  have  had  leisure  to  observe, 
comp^we,  and  judge  of  the  progress  of  the  work, 
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from  its  first  appearance  to  the  moment  of  h$ 
consummation  ?  "  Present  to  Des  Cartes/'  says 
L'Abbe  Pluche,*  "  a  pine  apple.  Desire  him 
to  begin  and  examine  the  inward  frame  of  that 
fruit,  and  from  the  bare  inspection  to  tell  you, 
what  the  taste  of  it  must  be  ?'*  We  have  a 
right  to  demand  every  thing  from  a  reason  like 
his,  which  comprehends  and  accounts  for  every 
thing.  This  reason  was,  in  the  philosopher's 
own  opinion,  capable  of  deriving  from  the  idea  of 
homogeneous  matter,  primitively  put  into  mo- 
tion, the  generation  of  the  world,  and  the  true 
strudlure  of  the  planets  and  stars.  It  has  seen 
man,  animals,  and  all  living  creatures  distin^Iy 
proceed  from  the  same  matter ;  and  its  knowing 
the  cause,  argues  the  necessity  of  knowing  like- 
wise the  stru<5ture  .of  the  animals  and  plants 
-which  are  only  the  efFedts  of  that  cause.  But 
Des  Carres,  with  aU  his  knowledge,  will  never 
find  out  that  taste  in  his  reason,  nor  even  in 
the  concurrence  of  the  elements  of  the  fruit  it- 
self, after  having  analyzed  and  dissedted  it. 
Thus,  if  his  reason  proves  altogether  helpless, 
when  from  the  strudure  of  a  body,  which  he 
sees  and  disseds  at  his  pleasure,  he  is  to  deduce 
the  necessity  of  such  and  such  a  taste ;  what 
must  his  attempt  be,  when  he  presumes  to  ex- 
plain the  formation  of  a  worlds 
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The  ancientSy  as  wdl  as  the  modems^  tortured 
their  reason  first,  and  afterwards  their  imagina* 
tions^  for  a  solution  of  this  inexplicable  point. 
All  in  vaio^  AzMzagaras,  it  is  true,  ia  his  Ho* 
ma^meria,  would  seem  to  have  had  more  than 
a  casual  glimpse  of  truth,  for  he  contended  for 
simple  nature,  whose  elements  were  indejtrufti- 
ble ;  but,  he  too,  unluckily  deviated  into  the 
regions  of  extravagant  hypothesis,  and  thence 
produced  a  world;  which,  in  its  creation,  was 
merely  indebted  to  God  for  putting  together  such 
parts  as  already  had  been  made,  and  for  nothing 
else  ;  as  if  we  should  say,  a  lion  was  an  a^re- 
gate  of  little  lions;  an  eagle  an  aggregate  of 
little  eagtes ;  an  earth  an  aggregate  of  little 
earths.  But  the  number  of  great  minds,  which 
have,  in  all  ages  of  the  world,  wandered  after 
the  elucidation  of  such  sublime,  but  bewildering 
conceptions,  is  too  great  to  be  credited.  Demo- 
critus,  Epicurus,  Lucretius,  Aristotle,  Gas- 
sendus,  Des  Cartes,  with  the  numerous  family 
of  the  scholastics,  all  ran  into  the  same  track- 
less error :  and,  as  has  been  well  observed,  when 
they  have  taken  their  own  reason  for  a  judge  of 
the  strufture  of  the  world,  which  they  were  not 
appointed  by  God  to  construft,  govern,  or  un- 
derstand, all  that  they  have  each  of  them  apart 
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imagined  about  the  chaos  and  the  formation  of 
the  universe^  has  been  found  baseless^  and  un* 
intelligible ;  beyond  their  reach^  and  evidently 
contradifted  by  reason  and  experience. 
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MAN5  it  is  said^  is  as  subjeft  to  inteUedual 
as  he  is  to  corporeal  necessities.  To  the  energy 
of  the  mind  no  limits  can  be  prescribed.  Of 
what  advantage  would  it  be  to  us^  were  it  ever 
allowed  us  to  penetrate  into  the  arcana  of  nature; 
were  we  permitted  to  unravel  and  trace  the  wind- 
ings of  this  mighty  machine ;  to  discover  the  in- 
visible powers  which  give  it  efficiency ^d  adtion ; 
to  form  a  judgment  of  the  first  principles  of  the 
elements ;  even  to  pry  into  the  very  essence  and 
being  of  infinity  itself?  These  are  evidently 
not  the  purposes  for  which  man  was  created ; 
nor,  were  they  to  be  understood^  could  they  afford 
pleasure  or  comfort  to  a  limited  understanding. 
I  would  noty  however^  here  be  understood  to 
mean,  that  because  certain  boundaries  are  pre- 
scribed to  the  human  understanding,  the  philo- 
sopher or  the  man  of  science  is  therefore  to  be  re- 
garded as  a  visionary,  or  a  dreamer  in  the  regions 
of  airy  and  unsubstantial  forms.  In  physics,  in- 
deedy  we  shall  perhaps  never  arrive  at  a  demon- 
stration of  the  constitution  of  bodies,  until  the 

G  2  particular 


100  LETTER   XII* 

particular  motions  of  their  several  parts  shall  be 
more  accurately  ascertained.  But,  we  may  yet 
approximate, .  though  we  ^  not  arrive  at  a  cer- 
tainty that  is  demonstrative :  and  he  who  gives 
the  most  probable  reason  for  the  apparent  opera- 
tions of  nature,  and  makes  us  believe  that  such 
aa  effeA  might  have  pnoceeded.  from  such  a 
caase,  though  we  are  not  mathematkaliy  cert^ 
of  it,  is  yet  of  rcspedtabk  ability  and  is  entitled  to 
ow  gratitude.  Moreover,  what  sacrifices  does  not 
the  learned  and  the  studious  man  make  for  the 
improvement  of  knowledge,  and  thfe  conveni- 
eocy  and  .  satisfaftion  of  his  felk>w«crcatures ! 
Too  frequently  unpossessed  of  any  other  than 
the  scanty  means  resulting  from  incessant  labour^ 
he  eagerly,  but  in  indigence,  prosecutes  his  avo* 
eation,  while  thousands  roll  in  affluence  fiom  the 
usefulness  of  his  discoveries.  Like  a  body  lu- 
minous  and  vivifying,  he  may  be  said  to  en- 
lighten and  cherish  the  world  at  the  gradual  ex- 
pence  and  exhaustion  of  his  own  substance. 
While  we  reluftantly,  therefore,  are  led  to  dis- 
approve of  hnaginary  systems  and  specuiatioos, 
let  us  «ot  forget  our  obligations  to  the  philoso- 
phers who  have  gone  before  us.  We  owe  them 
much  ;  we  owe  them  at  least  the  blessings  of  ci- 
vilization, and  of  morality,  together  with  num- 
berless benefits,  the  result  of  physical  experi- 
ment. 

In 
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In  the  display  of  the  hypotheses  of  the  formation 
of  this  globe^  which  I  have  already  troubled  you 
wtth^  I  have  unavoidably  been  obliged  to  dissent 
from  the  premises  and  conclu^ons  of  each,  and 
almost  all  of  them.  Justice  then,  and  fair  deal- 
ing, require  that  we  should  endeavour  in  some 
measure  to  fill  up  the  void  which  we  have  left* 
The  undertaking  is,  ixKleed,  a  hazardous  one,  but 
it  would  be  cowardice  to  shrink  from  it.  The 
task  we  shall  find  arduous.  But,  as  in  traversing 
a  strange  country,  banks  covered  with  flowers  are 
often  discovered  in  the  midst  of  foaming  waters^ 
and  enticing  groves  on  the  summit  of  inacces* 
sible  rocks,  so  shall  we  have  the  amusement  of 
objefts,  at  least  perceptible,  through  the  me- 
dium of  common  sense,  and  through  the  range 
and  precin&s  of  common  nature. 

This  globe,  independent  of  the  elements  with 
which  we  are  acquainted,  exhibits  to  us  four 
grand  and  important  particulars  i  a  great  anti- 
quity; accidents  of  inconceivable  extent  and 
force  ;  the  almost  certainty  of  the  pre-exi«tence 
of  terrestrial  places  ;.  and  the  renovation  of  the 
human  species.  We  know,  indeed,  only  the  sur- 
face. The  rind  of  the  earth  alone  has  been 
penetrated ;  the  greatest  caverns,  the  deepest 
mines,  do  not  descend  above  the  sixteenth  thou- 
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sandth  part  of  its  diameter.  Our  judgment, 
therefore,  is  confined  to  the  upper  stratum.*  In 
this  coat  we  find  animals,  vegetables,  minerals, 
and  common  material  substances.  But  how 
little  is  the  information  which  they  can  give  us 
concerning  the  internal  strata  of  the  earth ! 
The  contemplation  of  this  upper  surface  is  to  the 
component  principles  of  the  whole,  as  the  scales 
of  fishes,  the  feathers  of  a  bird,  or  the  epider- 
mis of  a  man  would  be  in  relation  to  the  bones 
and  muscles,  the  veins  and  arteries,  the  circula- 
tion of  the  blood,  and  the  several  secretions  of 
the  animal  ceconomy. 

Thus  then  we  see,  to  what  an  infinitely  greater 
extent  the  mind  can  range  into  causation  apd 
into  the  universe,  than  it  can  into  the  sphere 
on  which  it  is  placed.  Boundless  space  it  may 
endeavour  to  force  open  to  its  examination. 
Suns,  worlds,  planetary  existence — all  it  may 
strive  to  draw  within  its  grasp,  while  its  efforts 
on  its  own  soil  are  confined  to  the  scanty  limits 
of  not  four  miles  elevation  above  the  sur- 
face, and  not  even  in  the  ocean  itself,  of  probably 
more  than  three  miles  beneath  the  general  level 
of  the  waters.  But  what  is  it  which  fills  up 
the  tremendous  space  that  lies  hid  between  pole 

and 
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and  pole,  and  the  still  more  extended  equatorial 
mass  ?  From  the  properties  of  a  film,  (and  can 
we  give  it  any  more  appropriate  term)  shall  we 
presume  to  judge  and  determine  on  the  form  and 
texture  of  the  internal  and  central  parts  ?  In  the 
eye  of  analogy,  is  there  any  thing  which  can 
lead  us  to  suppose  the  center  to  be  either  posi- 
tively solid,  positively  fluid,  or  positively  igne- 
ous ?  The  assertion  of  either  one  or  the  other 
would  be  extravagant.  But  system  mjifcer — 
take  your  globe,  elevate  your  mountains,  sink 
your  caverns,  excavate  your  oceans— what  now 
are  these  to  the  comparative  prppojrtion  of  the 
whole  sphere  ?  J^ot  more,  than  to  our  common 
optics,  is  the  down  on  the  feather  of  a  moth's 
wing,  or  the  impression  of  the  bfee  on  the  bell  of 
the  woodbine. 

From  every  appearance,  indeed,  we  have  rea- 
son to  conclude,  that  the  surface  of  our  globe  is 
not  only  at  present  upheld  by  shattered  and  hol- 
low domes,  but  that  our  very  towns  and  cities 
have  (their  foundation  in  ruins.  Imagination 
here  needs  not  be  appealed  to.  We  have  proof 
in  the  records  of  disastrous  history.  "  In  one 
night,*'  says  Pliny,  ^^  twelve  cities  of  Asia  were 
struck  down  by  a  succussion  of  the  earth.*'  *^  An 
earthquake  in  Peru,"  says  Fournier,  "  reached 
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three  hundred  leagues  along  the  sea  sfaorej  and 
seventy  leagues  in  land  :  it  levelled  the  moua- 
tains  as  it  went^  threw  down  the  towns^  turned 
the  rivers  out  of  their  channels^  and  made  a& 
universal  havock  and  confusion.  What  vaults 
and  caverns  under  such  a  continent !  what  mon- 
strous chasms,  which  could  receive  a  fractured 
and  sinking  country  for  nine  hundred  miles  in 
extent !  It  would  really  be  dreadful,  as  it  has 
been  remarked,  if  the  imagination  could  pene- 
trate to  such  hidden  recesses.  How  tremendous 
would  be  the  scene !  We  should  find  cauldrons 
of  a  mile  in  extent,  perhaps  of  several  miks, 
with  a  fiery  mass  larger  than  a  living  eye  could 
comprehend,  rolling  furiously  about,  with  flash** 
ings  brighter  than  the  sun,  and  bellowings  loud- 
er than  thunder.  We  should  see  the  earth  un- 
dermined, and  breaking  in  upon  the  fire,  with 
fresh  stores  of  combustible  matter,  and  veins  of 
Ivater  pouring  in  at  the  same  time  upon  the 
burning  mass,  the  blasts  of  which,  when  re- 
pelled by  such  an  immense  fire,  woulddrive  be- 
fore it  stones,  ashes,  cinders,  and  every  matter  that 
should  obstrudt  its  progress.*** 

Notwithstanding  this  frightful  pifture,  we  yet 
reside  upon  these  awful  ruins,  in  perfed  content 

and 
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and  security.  On  a  cursory  view  it  must  be 
acknowledged,  the  surface  of  our  earth  exhibits 
no  great  regularity  or  order.  In  its  outward 
appearance,  it  strikes  us  with  heighths,  depths^ 
plains,  seas,  marshes,  rivers,  caverns,  gulfs^ 
volcanos,  and  a  vast  variety  of  other  discordant 
objeds ;  in  its  inner,  with  metals,  ,minerals, 
stones,  bitumens,  sands,  earths,  waters,  and 
matter  of  every  kind,  seemingly  placed  by  ac- 
cident. Yet  all  these  apparent  deformities  are 
absolutely  necessary  to  vegetation  and  animal 
existence.  Were  the  earth's  surface  smooth  and 
r^ular,  we  should  not  have  those  beautiful  hills 
which  furnish  water.  A  dreary  ocean  would 
cover  the  globe,  which  would  in  such  case  be 
suited  only  for  the  habitation  of  fishes.  As  it 
'is,  the  motions  of  the  sea  and  the  currents  of 
jthe  air  are  regulated  by  fixed  laws.  The  returns 
of  the  season  are  uniform,  and  the  rigour  of 
Winter  invariably  gives  place  to  the  verdure 
of  Spring.  M^n,  animals,  and  plants,  conse- 
quently succeed  one  another,  and  flourish  in  their 
<lestined  soils. 
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From  what  has  already  been  offered  to  your 
attention,  you  will  perceive,  that  I  consider  the 
study  of  the  elements  as  the  greatest,  and  at  the 
same  time  the  most  profitable  part  of  natural 
philosophy.  It  is  the  most  instrudive,  and  un* 
questionably  the  most  useful.  Yet  before  we 
come  to  treat  of  the  elements  in  detail,  it  will  be 
necessary  for  us  to  look  at  one  or  two  opinions 
relative  to  certain  properties  of  our  globe,  which 
from  the  earliest  ages  have  occasioned  contro- 
versy  ;  and  which  have  been  by  moderns  only 
revived.  The  indivisibility  of  matter  is  one,  and 
not  one  of  the  least.  Anaxagoras  seems  to  have 
been  one  of  the  earliest  philosophers  upon  record 
who  held  this  doftrine.  Aristotle  borrowed  k 
from  him.  Plutarch  says,  Aristotle  also  thought 
that  bodies  were  capable  of  being  divided  in 
infinitum.  Democritus  was  of  the  same  opinion : 
he  thought  it  possible  that  the  world  might 
be  made  from  an  atom.  And  the  foundation 
of  this  system  was,  that  nothing  can  be  derived 
from  nothing ;  that  nothing  can  be  annihilated ; 

and 
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and  that  there  are  certain  eternal  and  incorrup- 
tible principles,  such  as  atoms,  and  a  vacuum ; 
the  former  eternal,  solid,  and  indivisible ;  the 
latter  eternal,  infinite,  and  impalpable.  The 
atoms,  in  Democritus's  opinion,  were  animated ; 
in  that  of  Epicurus,  inanimated.  How  are  we 
to  suppose  an  animated  existence  from  inani- 
mated  particles  ?  Says  Democritus,  '^  the  atoms 
that  give  life,  must  have  life/' 

From  these  sources,  Des  Cartes  and  his  fol- 
lowers drew  their  principles  of  the  indivisibility 
of  matter,  and  from  the  same  authorities  other 
more  modern  philosophers  have  probably  de- 
rived theirs. 

Sir  Isaac  Newton  on  this  subjeft,  but  with  his 
usual  diffidence  and  ability,  ventured  to  conclude 
that,  ^*  God  in  the  beginning  formed  matter  in- 
to solid,  massy,  impenetrable,  moveable  particles 
or  atoms,  of  such  sizes  and  figures,  and  with 
such  other  properties,  and  in  such  proportion  to 
space,  as  most  conduced  to  the  end  for  which 
he  formed  them ;  and  that  these  primitive  parti- 
cles being  solids,  are  incomparably  harder  than 
any  porous  bodies  compounded  of  them,  even 
so  hard  as  never  to  wear  or  break  in  pieces  ;  no 
ordinary  power  being  able  to  divide  what  God 

himself 
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himself  made  one  in  the  first  creatioD.  While  these 
particles/'  says  he,  "  continue  entire,  they  may 
compose  bodies  of  one  and  the  same  nature  and 
texture  in  all  ages ;  but,  should  they  wear  away, 
or  break  in  pieces,  the  nature  of  things  depend- 
ing on  them  may  be  changed.  Water  and  earth 
composed  of  old  worn  particles  and  fragments 
of  particles,  would  not  be  of  the  sam'e  nature  and 
texture  now,  with  water  and  earth  composed  of 
entire  particles  in  the  beginning;  and  therefore, 
that  nature  may  be  lasting;  the  changes  of  cor- 
poreal things  are  to  be  placed  only  in  the  various 
separations,  and  new  associations  of  motions  of 
these  permanent  particles,  compound  bodies 
being  apt  to  break,  not  in  the  midst  of  solid  par- 
ticles, but  where  those  particles  are  laid  together 
and  only  touch  in  a  few  points.  These  atoms 
are  properly  the  minima  natune,  the  least  or  ulti- 
mate particles  into  which  bodies  are  divisible ; 
and  are  conceived  to  be  the  first  rudiments  or 
component  parts  of  all  physical  magnitude,  or 
the  pre-existent  and  incorruptible  matter  where- 
of bodies  are  formed." 

The  doftrine  of  atoms,  you  will  perceive,  ari- 
ses from  a  supposition,  that  matter  is  not  divisi- 
ble in  infinitum.  And  hence  the  Peripatetics  arc 
led  to  deny  the  reality  of  atoms.    "  An  atom,'* 

say 
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tay  they,  *^  cither  has  parts  or  it  has  not ;  if  it 
has  00  parts,  it  is  a  mere  mathematical  point  ^  if 
it  has,  these  parts  must  also  consist  of  others, 
and  so  on  to  infinity.  But,  this  is  to  recede  fiom 
the  genuine  chataders  of  atoms,  which  are  not 
esteemed  indivisible  from  their  want  of  parts, 
(for  all  physical  magnitude  must  have  three  4i^ 
mensions,  kngth,  breadth,  and  thickness,  and 
all  extension  is  divisible) ;  but  they  are  iadivi- 
sible  on  account  of  their  solidity,  hardness,  and 
impenetrability,  which  preclude  all  division,  and 
leave  no  vacancy  for  the  admission  of  any  fb* 
reign  force  to  separate  or  disunite  them.  Atoms,  as 
being  the  first  matter,  must  also  be  indissoluble, 
in  order  to  their  being  incorruptible."  Newton, 
likewise,  holds  immutability  to  be  requisite,  in 
order  to  the  world's  continuing  in  the  same  state, 
and  to  bodies  remaining  in  the  same  nature  as 
formerly.  The  ancients  maintained  them  to  be 
eternal,  for  what  is  immutable  must  be  eternal. 

Various  and  very  strong  objeftions  have  been 
raised  to  this  indivisibility  of  matter.  A  real 
quantity,  say  its  opponents,  infinitely  small,  is 
xd^surd ;  for  any  one  part  of  matter  must  un- 
doubtedly bear  some  proportion  to  another  part 
that  may  be  supposed,  and  consequently  cannot 
be  infinitely  less  than  it.  Matter  cannot  be  di- 
7  vided 
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vided  into  parts  so  small  but  that  these  are  farther 
divisible.     "  Hence/'  says  the  celebrated  Mac* 
laurin^  "  from  our  notion  of  magnitude  it  fol- 
lows, that  it  always  consists  of  parts,  and  is  di- 
visible without  end ;  yet  an  adual  division  in 
infinitum  is  absurd,  and  an  infinitely  little  quan- 
tity is  a  mere  fiAion.    Philosophers  may  allow 
themselves  to  imagine  likewise,  infinite  orders 
of  infinitely  small  particles  of  matter,  and  suffer 
themselves  to  be  transported  with  the  idea ;  but 
these  illusions  are  not  supported  by  sound  geo- 
metry, nor  are  they  agreeable  to  common  sense. 
On  similar  grounds  Priestley  combats  the  idea. 
*^  An  atom,"  says  he,  "  by  which  I  mean  an 
ultimate  component  part  of  any  gross  body,  is 
necessarily  supposed  to  be  perfeAly  solid,  wholly 
impervious  to  any  other  atom ;  and  it  also  must 
be  round  or  square,  or  of  some  other  determi- 
nate form :  now  the  parts  of  such  a  body  as  this 
solid  atom  must  be  divisible,  and  therefore  have 
parts."    But  may  it  not  be  a^k^d,  whether  this 
be  not  stepping  beyond  the  bounds  of  mathe- 
matical precision?   The  ultimate,  that  is  the 
smallest  particle  of  any  body,  cannot  have  parts 
that  are  smaller  than  the  smallest ;  nor  is  it  easi- 
ly to  be  conceived  how  the  ultimate  particle  can 
be  supposed  divisible  into  parts  beyond  the  last. 
One  part  of  matter,  you  will  allow,  cannot  be  di- 
vided 
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viided  but  by  another ;  the  most  subtile  of  these 
parts  must  consequently  rest  integral ;  when  we 
get  to  the  utmost  link  imagination  can  cany 
us  to,  the  divisor  of  the  divided  must  still  re- 
main* 

The  adual  divisibility  of  matter,  indeed,  is  a 
subjedk  so  very  intricate  and  abstra&ed,that  it  can 
only  be  conjeftured  upon,  and  that  rationally  to  a 
certain  degree.    How  inconceivably  minute  are 
the  parts  of  certain  bodies  !  to  what  an  extent  arc 
theycapable  by  division !  Curious  men  have  fol- 
lowed up  the  idea,  and  from  calculation  have 
proved,  that  sixteen  ounces  of  gold,  which,  if 
in  the  form  of  a  cube,  would  not  measure  an 
inch  and  a  quarter,  would  completely  gild  a 
quantity  of  silver-wire  sufficient  to  cu'cumscribc 
the  whole  globe  of  the  earth.    But  the  point 
seems  to  be,  that  if  there  be  no  perfeftly  solid 
particles,  then  there  can  be  no  matter  in  the  uni- 
verse.   For  the  farther  the  division  and  subdivi- 
sion of  the  parts  of  any  body  are  carried,  before 
you  arrive  at  parts  perfcdlly  solid  and  without 
pores,  the  greater  the  proportion  of  pores  to  solid 
matter  in  that  body.    If,  therefore,  carrying  on 
the  division  in  infinitum,  you  never  arrive  at 
parts  perfe&ly  solid  and  without  pores,  it  will 

follow 
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follow  that  all  bodies  consist  <^  pores  only,  witb« 
out  any  matter  at  all^  which  is  a  manifest  absiir^ 
dity.  Matter,  therefore,  if  ever  it  began  to 
have  any  existence,  cannot  be  infinitely  divi* 
sible.  The  supposition  would  destroy  its  very 
existence.  The  infinite  divisibility  of  matter, 
under  these  difiicultiest  therefore,  may  v^ry 
&irly  be  given  up.  Not  but  that  at  the  same  time, 
from  the  exceedingly  minute  divisioa  of  which 
nutter  is  capable,  we  maybe  allowed  to  call  it  fii« 
definitely  divisible.  The  very  notion  of  an  atom 
is  against  infinite  divisibility ;  even  when  we  mean 
no  more  by  atoms,  than  those  small  partides, 
the  figures  of  which  are  proper  to  the  Mies  com- 
posed of  them,  and  virhich  can  never  be  changed 
so  long  as  that  body  preserves  its  nature.  Bodies 
may  be  very  much  changed  in  their  fbrin  and 
outward  appearance,  while  their  component  eie- 
ments  suffer  no  change.  What  can  differ  more 
from  itself  than  the  metal  of  lead  in  its  solid 
state  from  the  powder  of  lead  i  Yet  this  powder 
will  easily  revert  to  its  former  condition  c^  solid 
lead,  when  mixed  over  the  fire  with  a  portion  of 
the  inflammable  matter  which  chymists  call 
phlogiston.  Matter  is  capable  of  many  seeming 
transformations^  but  no  real  transmutations  have 
ever  been  discovered.  Even  plants  and  ani- 
mals 
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mals,  at  their  dissolution,  return  to  the  same 
sort  of  vegetable  earth  out  of  which  they  arose/^ 

Next  to  the  indivisibility  of  matter,  the  doc- 
trine of  attra£lion  hath  met  with  the  ablest  sup* 
porters  and  opponents.     Newton  hath  errone- 
ously been  looked  upon  as  its  father.     I  say  er- 
roneously,  for  long  before  his  time,  Roberval  de 
Fermat  and  Pascal  thought  gravity  an  attractive 
power,   and   inherent  in   bodies.     Hook  also 
had  the  same  notion,  and  foretold  that  all  the 
motions  of  the  planets  would  one  day  be  ac- 
counted for  on  this  single  principle.    The  truth 
is,  it  was  familiarly  known  and  maintained  by 
the  ancients.    Democritus  and  Epicurus  both 
held  it ;  and  Lucretius,  who  was  well  instructed 
in  all  their  principles,  speaks  clearly  of  the  true 
cause  of  the  difference  in  the  descent  of  bodies. 
'^  He  believed  that  a  vacuum  having  nothing  in 
it  which  could  retard  the  movement  of  bodies, 
it  was  necessarily  evident  that  the  lightest  would 
fall  with  a  quickness  equal  to  the  heaviest ;  for 
where  there  is  no  resistance,  bodies  must  al- 
ways move  in  equal  times."  Newton  alone,  how- 
ever, had  ideas  upon  the  subjedt  demonstratively 
clear  and  explicit. 

VOL.  I.  H  ''  With 

*  Philosophy  of  the  Eleoients. 
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*^  With  regard  to  attradtion/'  says  that  great 
man^  *'  have  not  the  small  particles  of  bodies 
certain  powers,  virtues,  or  forces,  by  which  they 
aft'  at  a  distance,  not  only  upon  the  rays  of  light 
for  reflefting,  refrafting,   and  infleAing  them, 
but  also  upon  one  another,  for  producing  a 
great  part  of  the  phenomena  of  nature  ?  It  is 
well  known,  that  bodies  a£t  upon  one  another  by 
the  attraSion  of  gravity,  magnetism,  and  defbri-^ 
city;  and  these  instances  shew  the  tenor  and 
course  of  nature,  and  make  it  not  improbable 
but  that  there  may  be  other  attradive  powers 
besides  these.    How  these  attraftions  may  be 
performed  I  do  not,"  says  he,  "  here  consider. 
What  I  call  attraftion  may  be  performed  by  im- 
pulse, or  by  some  other  means  unknown  to  me. 
I  use  the  word  here  to  signify  only  in  general, 
any  force  by  which  bodies  tend  towards  each 
other,  whatsoever  be  the  cause*  The  attraftions 
of  gravity,  eleftricity,  and  ms^etism,  reach  to 
very  sensible  distances,  and  so  have  been  ob« 
served  by  vulgar  eyes ;  and  there  may  be  others 
which  reach  to  such  small  distances  as  hitherto 
to  escape  observation ;  and  perhaps  eledriad  at- 
traftion  may  reach,  to  such  small  distances,  even 
without  being  excited  by  fridion.     It  seems  to 
me  farther,"  continues  he,  "  that  these  particles 
of  matter  have  not  only  a  vis  inertia,  accom- 
panied 


LBTTER   XIII.  n5 

panied  with  such  passive  laws  of  motion  as  natu- 
raify  result  from  diat  force ;  hut  also  that  they 
are  moved  by  certain  aSive  principles,  such  as 
is  diat  which  we  call  attra&ion  of  gravity,  and 
that  which  causes  fermentation,  and  the  cohe- 
sion of  bodies.  These  principles,"  says  he, 
^^  I  consider  not  as  occult  quaUtieSy  supposed 
Co  result  from  the  specific  forms  of  things, 
but  as  general  laws  of  nature,  by  which  the 
things  themselves  are  formed ;  this  truth  ap- 
pearing to  us  by  phsenomena,  though  their 
causes  be  not  yet  discovered.  For  these  arc 
manifest  qualities,  and  their  causes  only  are 
occult." 

*'  Hypotheses,"  farther  observes  Newton, 
<<  and  the  vain  imaginations  of  men,  ou^t  not 
to  be  admitted  in  preference  to  experiments; 
and asnature  is  always  simple  and  uniform  in  her 
operations,  we  ought  in  philosophical  researches 
never  to  depart  from  the  analogy  of  it.  We  no 
otherways  know  the  extension  of  bodies  than  by 
our  senses ;  nor  do  these  discover  it  in  all  bodies  j 
but  because  we  perceive  extension  in  bodies  of 
which  our  senses  can  judge,  we  therefc^e  ascribe 
it  universally  to  all  others  also.  That  abun* 
^dance  of  bodies  are  hard,  we  learn  by  experi- 
ence.   Now  the  hardness  of  the  whole  must 

H  2  arise 
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arise  from  the  hardness  of  the  parts,  and  hence 
we  rightly  conclude,  that  the  small  undivided 
particles  of  bodies  are  hard  also.     That  bodies 
are  impenetrable^  we  learn  by  our  senses,  and  not 
by  reasoning.    The  bodies  which  we  handle  we 
find  impenetrable,  and  thence  infer  impenetl^- 
bility  to  be  a  property  of  all  bodies  whatsoever. 
That  all  bodies  are  moveable,  and  endowed  with 
certain  powers  (which  we  call  their  vis  inertia) 
by  which  they  persevere  in  motion  or  rest,  we 
also  infer  from  the  like  properties  observed  in 
the  bodies  which  we  have  seen.     The  exten- 
sion,, hardness,  impenetrability,  mobility,  and 
vis  inertiie  of  the  whole,  therefore,  result  from 
the  extension,  hardness,  impenetrability,  mobi- 
lity, and  vis  inertia  of  the  parrs ;  and  hence 
ytt  conclude  the  least  particle  of  all  bodies  to  be 
also  extended  and  hard,  and  impenetrable  and 
riioveable,  and  endowed  with  their  proper  vis 
inertia;  and  this  is  the  foundation  of  Philosophy. 
Moreover,  that  the  distinft  and  contiguous  parts 
of  bodies  may  be  separated  one  from  another; 
we  know  from  experience ;  and  that  the  part^ 
which  remain   undivided   may  still  be  distin- 
guished by  our  minds  into  less  and  less,  is  cer- 
tain from  mathematics  ;  but  whether  those  dis- 
tinft,  and  as  yet  undivided  parts,  can  aftually 
again  be  divided  and  separated  into  parts  still 

less 
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less  and  less  by  any  power  in  nature^  is  uncer- 
tain. But  if  it  could  not  be  made  appear  by 
one  experiment^  that  any  hitherto  undivided 
particles  should  suffer  a  division,  by  being  broken 
off  from  any  hard  and  solid  body,  we  might 
conclude  by  the  force  of  this  rule,  not  only  that 
those  distinct  parts  might  be  separated,  but  also 
that  they  might  be  divided  into  parts  less  and 
less,  in  infinitum.  With  respcft  to  gravity,  if  it 
appears  universally  by  experiments  and  astrono- 
mical observations,  that  all  bodies  on  the  surface 
of  the  earth  are  heavy,  or  gravitate  towards  the 
earthy  in  proportion  to  the  quantity  of  matter 
10  them ;  and  that  the  moon  gravitates  towards 
the  earth  according  to  the  quantity  of  matter 
contained  in  it ;  and  on  the  other  hand,  that  the 
sea  gravitates  towards  the  moon,  and  that  all  the 
planets  gravitate  towards  each  other;  and  also  that 
comets  have  a  like  gravitation  towards  the  sun ; 
we  must  affirm  by  this  rule,  that  all  bodies  gra* 
vitate  towards  one  another  :  for  the  argument, 
from  appearances,  in  favour  of  the  gravitation  of 
all  bodies,  will  be  stronger  than  for  their  impe-^ 
netrability ;  because  we  can  make  no  experi- 
ments upon  the  heavenly  bodies  concerning  their 
impenetrability ;  however,  I  do  not  affirm  gravity 
to  be  essential  to  bodies.  By  the  natural  force  of 
bodies^  1  understand  their  vis  in^rtia^  and  this 

H3  u 
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IS  immutable ;  whereas^  gravity  may  be  continu* 
ally  diminished,  as  the  body  recedes  further  and 
further  from  the  earth/' 

i 

Attrafkion,  you  thus  see,  is  an  indefinite  term  in 
the  system  of  Newton,  applicable  to  all  adbions 
whereby  bodies  tend  towards  each  other,  whether 
by  virtue  of  their  weight,  eledbricity,  magnetism, 
inipulse,  or  any  other  latent  power.  Men  of 
science  generally  reckon  four  difierent  sorts  of 
attradion,  namely,  that  of  cohesion,  of  eledb'ici* 
ty,  of  m^^netism,  and  of  gravitation*  Attra^on 
of  cohesion  is  peculiar  to  the  component  particles 
of  bodies,  by  virtue  of  which  they  are  firmly 
conneded  and  held  together.  The  laws  and 
properties  of  this  attraftion  are  the  followmg. 
I .  It  is  discernible  and  most  powerful  in  corpus- 
cles, or  the  smallest  particles  of  matter.  2.  It  is 
mutually  exerted  between  those  particles ;  or 
they  mutually  attrad,  and  are  attraded  by  each 
other.  3.  The  sphere  of  attraftion,  or  extent  of 
this  power,  is  greater  in  some  particles  of  mat« 
ter  than  in  others,  but  very  small  at  the  outer* 
most :  for,  4.  This  power  is  insensible  in  solid 
bodies  at  the  least  sensible  distance,  a£king  as  it 
were  only  in  conta£b ;  and  therefore,  5,  It  must 
be  nearly  proportional  to  the  quantity  of  conti<- 
guous  surfaces ;  or  those  parts  of  the  body  cohere 

most 
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most  strobgly^  whose  touching  surfaces  are 
largest,  6.  This  power  must  decrease,  as  the 
^uares  of  the  distances  ^increase ;  because  it 
must  be  slipposed  to  issue  from  each  particle  in 
fight  lined  directions.  7.  Where  the  sphere  of 
attf  aftion  ends,  there  a  repelling  power  begins ; 
by  which  the  particles,  instead  of  attrafting,  re« 
pel  and  fly  from  each  other.  8.  By  this  power 
the  small  portions  or  drops  of  a  fluid  conform 
themselves  to  a  spherical  figure.  The  first  and 
second  of  these  properties  are  evident  from  vari- 
ous experiments ;  as  the  sudden  ynion  of  two 
CQntiguous  drops  of  mercury,  water,  &c ;  the 
strong  adhesion  of  two  leaden  balls  which  touch 
by  polished  surfaces ;  as  also  of  panes  of  glass 
and  in  capillary  tubes ;  the  rising  of  water  by  the 
sides  of  a  glass  vessel,  and  into  tubes  of  sand, 
ashes,  sugar,  spunge,  and  all  porous  substances. 
The  third  property  is  proved  by  the  sticking  or 
adhering  of  water  to  substances,  which  by  mer- 
cury are  left  dry.  The  fourth  and  fifth  proper- 
ties are  evinced  by  the  hyperbolic  curve^  formed 
by  the  superficies  of  a  fluid  ascendbg  between 
glass  panes  touching  each  other  on  one  side. 
The  sixth  property  is  evident.  The  seventh 
appears  from  the  ascent  of  a  steam,  or  vapour, 
from  humid  or  fluid  bodies;  and  the  eighth 
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property  is  manifest  by  drops  of  water  falling 
on  dust. 

From  this  account  of  the  attraction  of  cohe- 
sion, we  have  a  rational  solution  of  several  very 
curious  and  surprising  phenomena  ;  as  why  the 
parts  of  bodies  adhere  and  stick  so  firmly  toge- 
ther :  why  some  are  hard,  others  soft ;  some 
fixed,  others  fluid ;  some  elastic,  others  void  of 
elasticity  :  all  which  arise  from  the  difTerent 
figures  of  the  particles,  and  the  greater  or  less 
degree  of  attraftion  consequent  thereupon.  On 
this  principle,  we  account  for  the  manner  in 
which  plants  imbibe  the  nutritive  juices  by  the 
fibres  of  the  roots ;  also  for  the  rise  of  the  sap 
in  vegetables,  and  for  the  whole  economy  of  ve- 
getation. Hence  the  rationale  of  the  various  se- 
cretions of  fluids  by  the  glands,  and  their  won- 
derful circulation .  through  the  fine  capillary 
vessels.  Hence  also  the  reason  of  gilding  metals ; 
also  of  melting  or  fusion  by  heat.  Hence  also 
the  exhalation  of  vapours  by  the  heat  of  the  sun 
or  fire ;  the  aggregation  of  aqueous  particles  in 
the  air,  forming  the  drops  of  rain.  We  hence 
see  the  reason  of  distillation,  filtration,  dissolu- 
tion, digestion,  sublimation,  precipitation,  crys- 
tallization, and  the  other  operations  of  ^chy- 

mistry 
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misery  and  pharmacy.  Lastly^  It  is  by  the  pow« 
ers  of  attradtion  and  repulsion  that  we  are^  in 
most  instances,  to  account  for  those  wonderful 
phenomena  of  subterraneous  ascensions  and  ex- 
plosions ;  of  volcanos  and  earthquakes ;  of  hot 
springs^  damps^  and  suffocating  exhalations  in 
mines. 

Notwithstandbg  these  clear  and  satisfadory 
data^  the  cause  of  the  cohesion  of  matter  has 
extremely  perplexed  philosophers  in  all  ages. 
In  all  their  various  systems  of  physics,  matter  is 
supposed^  originally^  to  consist  of  minute  divi- 
sible^ or  indivisible  atoms  ;  but  how,  and  by 
what  principle  these  several  and  distind  corpus- 
cles should  be  first  combined  into  little  systems^ 
and  how  these  little  systems  should  come  to  per* 
severe  in  that  state  of  union,  is  a  point  not  yet 
determined  :  a  point  of  the  greatest  difficulty^ 
and  even  of  the  greatest  inlportance  of  any  in 
physics.  J.  Beraouilli  thinks  it  owing  to  the 
pressure  of  the  atmosphere ;  others  to  the  figure 
of  the  component  particles ;  but  the  generality, 
with  Sir  Isaac  Newton,  to  attraction. 

The  attraftion  of  gravitation,  though  reckon- 
ed a  distindt  power  from  that  of  cohesion,  yet, 
when  well  considered,  may  be  found  perhaps  to 

differ 
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differ  from  it  np  otherwise,  than  as  a  whole  from 
its  parts :  for  the  gravity  of  large  bodies  may  be 
only  the  result  or  aggregate  of  the  particular 
powers  of  the  constituent  particles^  which  singly 
aft  only  in  contaft  and  in  small  distances ;  but 
with  their  joint  forces,  in  vast  quantities,  pro- 
duce a  mighty  power,  whose  effipacy  extends  to 
very  great  distances,  proportional  to  the  magni- 
tudes of  the  bodies. 

This  doftrine  of  the  attraftion  of  gravity, 
however  ably  supported  by  its  illustrious  patron, 
has  had  weighty  difficulties  thrown  in  its  way* 
As  all  motion,  it  hath  been  observed,  is  in  the 
direSiou  of  its  cause,  there  can  be  no  such  thing 
as  a  power  of  attraftion ;  because  that  supposes 
a  direftion  in  the  cause,  which  is  contrary  to 
the  diredion  of  the  effeft,  and  therefore  can 
never  happen  consistently  with  the  laws  of  me* 
chanism.  A  cause  from  the  earth,  can  never 
bring  the  moon  nearer  the  eanh ;  neither  can 
a  cause  from  the  moon  bring  the  waters  of  the 
earth  nearer  to  (he  moon.  The  cause  which  is 
in  the  direftion  of  a  body  that  moves  freely,  is 
an  impelling  cause;  and  if  it  be  impulse,  it  is  not 
attraftion ;  if  it  be  attraftion,  it  is  not  impulse : 
these  principles  being  of  opposite  natures^  and 
consequently  inconsistent. 

In 
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In  oppositioD  to  thts^  it  has  been  contended, 
that  attraftion  must  be  essential  to  the  a£biai  ex- 
istence of  all  matter,  since  no  substance  can  re- 
tarn  any  form  without  it.  Gravitation,  says  its 
advocates,  is  unquestionably  one  of  the  most  sim- 
ple laws,  or  principles  of  motion,  which  has  been 
observed,  in  the  constitution  of  the  universe. 
This,  reply  its  opponents,  is  not  to  btf  denied* 
But,  is  the  attradion  given  to  it  to  be  supported 
on  sound  and  on  rational  principles  ?  Gravitation 
from  such  prepiises,  would  seem  to  imply  a  law 
or  a  power  in  the  aftive  body ;  attradtion  in  the 
passive  one;  and  consequently,  if  the  afting 
body  should  be  made  to  move  by  its  own  gra- 
vity or  weight,  there,  would  be  no  necessity  for 
an  attmftton ;  or  if  it  were  to  aft  by  attraftion, 
there  Would  be  no  necessity  for  gravitation* 

How  inexplicable  soever  the  cause  of  this  gra- 
vity may  be,  it  yet  would  appear  from  some  of 
its  admirers,  who  do  not  even  qualify  it  with  a 
doubt,  as  their  master  did,  to  be  a  mode  of  mo- 
tion, a  tendency  towards  a  center.  To  speak 
striftly,  a  relative  gravity  is  a  relative  quality ; 
for  what  £ills  relatively  to  us,  rises  as  relatively 
to  other  bodies.  Hence,  say  they,  it  follows, 
that  all  motion  in  the  universe  is  the  eifeft  of 

gravitation,  seeing  as  we  do,  that  in  the  universe 

there 
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there  is  no  high,  no  low,  no  positive  center. 
This  gravity,  however,  when  closply  examined^ 
appears  rather  to  be  an  accident  to  matter,  than 
to  be  essential  to  its  nature.  For  certainly  all 
matter  has  not  weight.  Bodies  differing  in  kind 
do  not  preserve  a  constant  relation  to  each  other 
in  respcft  of  weight,  when  they  are  in  different 
forms,  Jnd  differently  aded  upon.  It  is  the  na- 
ture of  iron  to  sink  in  water  with  a  superior  spe- 
cific gravity;  but  the  atoms  of  iron  will  be 
suspended  in  water.  Sulphur  will  sink  in  oil ; 
but  the  oil  heated,  rarified,  and  consequently  be- 
come  lighter,  the  atoms  of  the  sulphur  will  ascend 
and  be  suspended  in  it.  Were  gravity  essential 
to  matter,  all  matter  would  constandy  tend^  or 
at  least  preserve  a  tendency,  towards  its  proper 
center.  The  matter  near  the  earth  wotild  all 
tend  towards  the  earth,  and  resist  every  other 
diredion.  But,  this  is  by  no  means  agreeable 
to  nature.  Here  upon  earth  the  eUSric  fiuidy  a 
sort  of  matter  which  seems  to  fill  the  world,  and 
is  of  such  consequence  that  it  seems  to  be  the 
life  and  soul  which  invigorates  all  the  rest,  will 
move  in  every  dire&ion  indiflferently  :  and  fire, 
wheii  agitated,  is  rather  disposed  to  ascend  in  a 
direction  contrary  to  that  of  heavy  bodies.  Ab« 
solute  gravity,  therefore,  appears  to  be  a  mutabU 
thing,  and  not  essential  to  matter. 

The 
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The  apparently  essential  properties  of  matter, 
as  we  have  already  seen,  are  solidity  and  exten- 
sion ;  for  even  a  particle  of  water  is  solid.  The 
first  property,  solidity,  may  be  perhaps  the  only 
essential  one  of  which  matter  is  possessed,  and 
every  other  may  spring  from,  or  be  dependent 
upon  it.  The  other  propeny,  and  which  it  is 
supposed  belongs  to  matter  as  essentially  as  soli- 
dity, is  extension.  Reason  may  resolve  these  pro- 
perties both  into  one  ;  for  whatever  is  extended 
must  have  solidity ;  and  whatever  is  solid  must 
include  in  it  extension.  Hence,  therefore,  it 
has  been  supposed  incomprehensible,  how  at- 
tra£tion  and  repulsion  can  be  necessary  to  the 
very  being  of  matter.  If  they  be  necessary  to 
the  being  of  matter,  they  must  constitute  its  es« 
sence.  Yet  attraction,  we  know,  means  only  the 
mutual  approach  of  two  bodies  towards  each 
other.  **  Per  vocem  attradionis,''  says  S'Grave- 
sande,  ^^  intelligo  vim  quamcunque  qu4  dua  cor- 
pora ad  se  invicem  tendunt."  But  that  cannot 
constitute  the  essence  or  being  of  bodies,  which 
necessarily  depends  on  bodies  for  its  own  existence. 
Material  substances,  indeed,  may  by  some  means 
or  other  be  separated  as  well  as  attracted.  No 
concrete  body,  for  instance,  has  ever  yet  been 
found,  which  can  resist  the  force  of  art,  much 
less  of  nature.  Either  percussion,  tension,  tritu- 
ration. 
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lation,  the  aftion  of  a  dbsolving  fluid  whidi  die 
chymists  call  a  menstruum^  or,  above  aU,  the  ac- 
tive power  of  fire^  will  disunite  the  particles  of 
all  coDcrete  bodies.  But  here  it  may  be  de* 
mandedy  what  are  the  causes  of  this  union  of  the 
particles  of  matter  ?  On  this  head,  as  we  have 
before  remarked,  the  ignorance  of  the  wisest 
manifests  itself.  If  we  have  recourse  to  the 
^tber  of  Sir  Isaac  Newton,  which  Dr.  Cullen 
supposes  may  be  the  cause  of  the  cohesive  and 
repulsive  force  of  bodies ;  or  if  we  think  with 
Dr.  Hales,  the  late  celebrated  Haller,  and  Dr. 
Macbride,  that  air  is  the  cause  of  the  cohesion 
and  firmness  of  bodies,  which  experiments  seem 
to  make  probable,  though  yet  perhaps  not  cer- 
tain ;  yet  we  must  still  inquire  into  the  attrac* 
tive  and  repulsive  force  of  this  aether  or  air ;  for 
if  this  sether  be  matter ^  it  must  consist  of  ulti- 
mately solid  parts,  and  consequently  have  a  vii 
inertUy  if  it  have  any  existence.  Now  the 
parts  of  this  very  sether  could  neither  move  nor 
impel  any  substance,  if  they  were  not  themselves 
moved  and  impelled  in  the  same  diredion ;  and 
thus  we  shall  want  a  more  subtle  sether  for  the 
purpose  of  moving  the  grosser ;  and  this  more 
subtle  asthcr  will  want  another  still  more  subtle 
for  the  same  purpose,  and  so  on,  in  infinitum. 

This 
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This  subjed,  as  I  before  observed^  with  all  its 
perplexities,  was  much  agitated  by  the  ancients. 
Empedodes,  according  to  Diogenes  Laertius^ 
held  that  ^^  there  was  a  sort  of  friendship  by  which 
the  elements  united  one  with  the  other;  and 
a  sort  of  discord  by  which  they  kept  asunder.'' 
From  this  you  see  the  sjrstem  of  attraction  is  an- 
cient, though  it  wanted  a  Newton  to  develope  it. 
Love,  to  whom  the  ancients  attributed  the  clear- 
ing  up  of  chaos,  appears  to  have  been  nothing 
else  than  attraftion  personified.  AH  the  allego- 
ries and  Bibles  of  the  ancients  on  the  chaos^  ex* 
press  nothing  more  certainly  than  the  attraAion 
and  union  between  analogous  or  homogeneous 
substances,  whence  result  the  being  of  the 
world ;  whilst  repulsion  or  discord,  which  they 
called  EPiSf  was  the  cause  of  its  confusion  and 
disorder,  and  tendency  to  dissolution.  And 
hence  may  be  conjedhired  the  origin  of  the  d(^- 
ma  of  these  two  principles. 

But  we  will  postpone  the  further  consideration 
of  this  subjeft  to  a  time  when  it  will  be  still  per- 
haps more  applicable  to  our  purpose.  The  prin* 
ciples  adopted  by  the  Newtonians  were  in  many 
instances  satisfadory ;  but  they  were  not  so  in 
all.  The  great  philosopher  himself  was  consci- 
ous of  it.  The  opinion,  that  matter  is  endowed 
3  with 
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with  an  attra&ive  and  a  repulsive  power,  and  that 
there  is  a  limit  where  one  of  these  opposite 
powers  ceases,  and  the  other  begins  to  aft,   is 
too  gen&ral  and  indefinite.      The  particles  of 
some  bodies  in  nature  are  certainly  attra£fcive  of 
each  other,  as  the  particles  of  metals,  earths, 
&c.  but  others  are  repulsive,  as  air,  heat,  the 
eleftric  fluid,  &c.     Now  neither  the  former  lose 
their  attraction,  nor  the  latter  their  repulsion,  ex- 
cept when  combined  with  those  bodies  which 
have  an  attradlion  towards  them,  sufficient  to 
overcome  the  natural  attractive  or  repulsive  power 
existing  between  their  own  particles.    The  fa£t 
is,  the  law  of  attraftion,  particularly  the  attrac- 
tion of  cohesion,  is  very  extensive  throughout 
nature.     But  every  law  of  nature  cannot  be  ex- 
plained by  attradion.    On  the  contrary,  repul- 
sion seems  to  prevail,  if  possible,  more  univer- 
sally  than  attraftion.    Eledtricity,  magnetism, 
the  elasticity  of  metals,  and  many  bodies,  parti- 
cularly the  air,  all  and  each  of  these  prove  that 
there  is  a  repelling  influence  in  many  parts  of 
matter,  and  consequently  powerfully  instrufl:  us 
not  to  insist  upon  either  the  one  or  the  other  ex- 
clusively, but  to  admit  the  great  and  admirable 
agency  of  both.* 

I  had 
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1  had  hopes^  when  I  had  got  thus  far^  to  have 
been  enabled  to  close  this  long  and  tedious  preli- 
minary investigation^  and,  for  the  present  at 
least,  to  have  exonerated  you  from  any  thing 
further  on  so  dry  a  topic. .  But  on  looking  over 
my  letter,  I  find  a  few  explanatory  words  may  be 
necessary  on  that  property  in  nature  which,  for 
precision  and  conveniency,  had  the  appellation 
^ven  to  it  by  Newton  of  the  vis  inertia.    From 
what  has  already  been  said  on  the  subjed,  you, 
will  have  thought  it  not  difficult  to  conceive  his 
meaning.  Ingenious  men,  however,  have  found 
fiiult  with  the  expression.    It  attributes  to  body^ 
say  they,  a  power  or  energy,  a  force,  a  something 
which  appears  as  inconsistent  as  if  it  gave  the 
power  of  light  to  darkness,  or  of  sight  to  the 
blind.   For  what  is  power  or  energy  ?  Is  it  not  a 
disposition  to  aft,  either  spontaneously,  or  in  con* 
sequence  of  some  impression  ?  In  Newton's  rea- 
soning there  is  a  state  of  inadtivity  endued  with 
aftion,  or  a  motionless  motion.    A  state  of  rest 
canonlybe  anegative  to  that  of  motion ;  and  when 
that  ceases,  this  must  always  obtain.    ^^  Mobi-^ 
ii(y  in  atoms,''  remarks  Mr.  Jones,*  ^'  is  nothing 
more  than  a  capacity  of  being  moved  by  any  me- 
chamcal  force  applied  to  them ;  not  that  they  are 
endued  with  any  internal  power  of  moving  them- 
VOL,  i;  I  selves. 
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selves.  If  we  should  say,  that  matter  is  by  nature 
iftert  and  resisting,  and  indifferent  to  motion,  and 
then  should  proceed  to  give  the  same  matter  a 
disposition  to  move  without  some  external  forces 
we  should  invest  it  at  once  with  power  and  impo- 
tence, with  sluggishness  and  activity,  which 
cannot  both  be  predicated  of  it,  without  contra- 
didion.  The  trumpet  has  a  capacity  of  sound- 
ing, but  neyer  till  it  is  sounded  :  of  itself  it  is 
dead  and  silent,  and,  as  long  as  left  to  itself, 
must  always  remain  so.  Matter,  in  like  manner, 
hath  a  capacity  of  motion,  not  an  ability  ta 
move.  Let  us  suppose  the  present  laws  of  na- 
ture all  suspended,  and  all  matter  annihilated  ex- 
cept one  single  atom ;  we  all  confess  that  this 
atom  can  have  no  inclination  to  move,  but  muse 
remain  absolutely  at  rest ;  and  all  this  from  its 
own  inert  nature.  If  we  introduce  another  atom, 
they  will  both  be  at  rest ;  for  the  properties  oi 
matter  are  not  changed  by  having  two  atoms 
instead  of  one.  To  invest  matter  with  any  innate 
powers  or  self  inclinations  to  motion,  is  as  con- 
trary* to  the  real  nature  of  matter,  as  to  suppose 
that  all  trumpets  are  born  with  lips  and  lungs, 
and  breath  of  their  own :  it  is  to  make  the  world 
an  animal  J  and  all  the  parts  of  it  animated,  as  the 
Stoics  of  old  did ;  it  is  to  resolve  all  attradtions 
and  repulsions  into  an  animation  of  matter,  and 

suppose 


suppose  them  to  be  the  work  of  cisftaih  souls  and 
spirits  resident  in  all  natural  bodies^  and  commis- 
sioned to  ad  in  the  several  departments  of  nature/' 

Notwithstanding  these  strong  objedtions^  and 
various  similar  ones^  which  were  started  at  the 
very  birth  of  the  dodkrine,  Newton,  and  many  of 
the  deepest  philosophers  since  his  time,  have 
maintained,  that  there  is  not  any  thing  in  physics 
better  settled  than  this  vis  inertia  or  passive 
force,  by  which  matter  always  continues  of  it-^ 
sdf  in  the  state  in  which  it  is,  and  never  changes 
that  state,  but  in  proportion  to  a  contrary  power 
a&ing  upon  it;  so  that  the  very  same  force 
which  is  necessary  to  give  any  ceruin  velocity 
to  any  certain  quantity  of  matter  at  rest,  is  always 
cxwBtly  requisite  to  reduce  the  same  quantity 
of  matter,  from  the  same  degree  of  velocity^  to 
a  state  of  rest  again.      ^^  This  vis  inertia  is 
always  proportional,''  say  they,  *^to  the  quantity 
6f  maxter,  whether  at  rest  or  in  nxjtion,  and  is 
never  transferred  from  one  body  to  another; 
Without  this  vis^  the  least  farce  would  give  ve* 
locity  to  the  greatest  quantity  of  matter  at  rest } 
and  the  greatest  quantity  of  matter  in  velocity  of 
motion,  would  be  stopped  by  the  least  force^ 
,  without  any  the  least  shock.     So  that,  properly 
speaking,  all  aftion  and  re^adion,  all  impulse 
and  resistance^  are  nothing  but  this  vis  inert  id 
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in  different  circumstances ;  and,  indeed,  all  force 
is  only  a  different  niodification  of  rest  or  motion/^ 
In  regard  to  the  expression  itself,  fastidiousness 
alone  can  find  fault  with  it ;  and  this  short  ex- 
planation will,  I  hope,  be  sufficient  to  shew  you 
that  it  is  neither  erroneous  nor  unphilosophical% 
Newton  having  asserted  the  inaRivity  of  matter^ 
it  was  natural  for  him  to  make  use  of  a  word  not 
in  any  respe<5t  applicable  to  activity.  The  doc* 
trine  he  had  to  establish  was  new,  and  required 
a  new  term.  The  vis  tnertiity  therefore,  which 
is  a  vis  insitay  or  innate  tendency,  struck  him.— 
He  applied  it  to  the  idea ;  and  it  has  stood  the 
test  of  the  most  enlightened  understandings. 

In  like  manner,  the  occult  qualities  of  the 
ancients,  which  Newton  has  been  accused  of  ad* 
hering  to,  by  establishing  the  probability  of  the 
dodrine  of  attra&ion,  were  entirely  in  the  ima- 
ginations of  his  opponents,  and  not  in  the  prin« 
ciples  of  his  dodrines.  By  the  terms  attradive 
and  repulsive  forces,  he  never  meant  to  ejq>ress 
inherent  forces  in  the  molecules  rf  matter. 
Body,  he  well  knew,  cannot  a<ft  where  body  is 
not.  But  let  us  suppose  the  word  attraftion  to 
be  suppressed,  can  we  deny  the  planetary  mo* 
tion  ?  Or  can  angry  criticism  destroy  the  subli- 
mity of  Newton's  theory,  or  the  correftness  of 
his  calculations  ? 

LET- 
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The  elements  are  the  original  component  parts 
of  bodies,  or  they  are  those  into  which  they 
are  ultimately  resolvable*  The  ancients  in  ge« 
nerai  agreed  that  tiie  elements  were  fi)ur  in  num<» 
ber,  yilf  viou^,  vv^,  capi ;  earth,  water,  fite,  and 
air.  Aristotle  admitted  these  four  elements,  and 
acknowledged  they  were  sufficient  to  form  all 
sublunary  bodies;  yet  from  the  beauty  of  the 
firmament  he  was  induced  to  suspedt  the  hea«* 
yens  to  be  formed  of  finer  materials ;  and  there- 
fore  supposed  a  sort  of  fifth  element,  the  quin- 
tessence of  the  other  four,  for  their  peculiar  con- 
struftioii.  But  this  notion  was  adopted  by  very 
few,  and  the  four  elements  were,  for  ages,  re- 
ceived as*  the  basis  of  all  natural  bodies.-— 
Many  modern  chymists,  however,  have  disputed 
the  doftrinc  of  the  four  elements.  Notwith- 
standing which,  it  does  not  appear  that  they  have 
been  able  to  establish  any  in  their  stead,  which 
will  stand  the  test  of  a  rigid  examination ;  or 
concerning  which  they  can  generally  agree  among 
themselves.    The  truth  is,  we  cannot  always 
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judge  of  compounds  from  the  principles  into 
which  they  are  cbymically  resolvable.  Besides  these 
four  primary  elements,  the  ancients  held  three 
chymical  principles,  salt,  sulphur,  and  mercury  ; 
and  to  these  our  modern  chymists  have  added 
many  others. 

On  so  subtile  a  subjeft  you  will  not  be  sur<» 
prised  that  there  should  have  been  <^inions  in 
every  possible  diredtion  ;  and  that  the  number 
of  the  elements  should  havA  been  increase4  aad 
diminished  at  pleasure*  For  instance,  the  Car^ 
tesians  admitted  only  three  elements  j  the  first  a 
materia  subiilis,  or  fine  dusit ;  the  second  a 
coarser  but  round  kind ;  and  the  thijid  a  still 
more  irregular  and  hooked  kind  of  panicles* 
But  the  elements  or  principles  generally  coi^i- 
tured  at  present,  and  to  which  bodies  are  sup<» 
pos^d  to^be  reduceable,  are,  i.  ff^aUry  or  phlegm^ 
which  in  the  chymical  analysis  rises  first  ia  fom 
of  vapour.  2.  Jir^  which  escapes  unseen  ia 
great  quantities  from  all  bodies,  so  as  to  consti- 
tute half  the  substance  of  some  of  them.  3*  OH^ 
which  rises  afterwards  and  appears  swimmii^  oa 
the  surfiice  of  the  water.  4.  SaU^  which  i&either 
volatile,  or  rises  in  the  still,  as  that  of  animal 
substances ;  or  fixed,  as  that  of  vegetables,  which 
is  obtained  by  reducing  them  to  ashes,  making  a 

lixivium 
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lixivium  or  ley  of  these,  and  afterwards  evapo- 
rating the  moisture;  by  which  means  the  salts 
shoot  into  crystals.  5.  Earthy  or  what  is  called 
taput  mortuumy  being  what  remains  of  the  ashes 
after  the  salt  is  eztraded ;  and  this  is  the  last 
element  of  all  bodies  which  can  be  no  farther 
altered  by  any  art  whatsoever.  And  hence  bodies 
have  been  divided  into  six  classes y  saline,  inflam- 
mable,  metallic,  earthy,  watery,  and  aeriaL  Sa- 
line bodies  in  general  excite  some  kind  of  sensa* 
don.  Inflammable  bodies  are  always  sensible  in 
a  state  of  inflammation.  Metallic  bodies  adb 
aocoiding  tO'  gravity,  except  when  heated,  and 
then  we  are  highly  sensible  of  them ;  but  this 
proceeds  from  the  influence  of  the  element  of 
fire.  Earthy  bodies  in  general  are  inert,  and 
probably  constitute  the  basis  of  the  nutritive 
matter  both  of  animals  and  vegetables.  Air 
kas  a  variety  of  properties,  of  which  elasticity  is 
one  of  the  principal. 

To  generalize,  however,  the  nature  of  the 
elements,  and  to  bring  their  several  properties 
mMt  familiarly  before  us,  we  may  venture  to 
ccmdude,  that  elementary  fire  is  the  principle  of 
adivity  J  earth,  the  principle  of  solidity,  either 
fiom  its  heretofore  supposed  impenetrability, 
or  the  close  union  of  which  its  parts  are  sus*- 
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ceptiUe  ;  water,  the  proper  vehicle  which  formt 
the  combmation  of  bodies,  into  which  it  enters 
as  a  constituent  part ;  and  air,  the  fluid  in  which, 
as  in  their  proper  region,  the  other  elements, 
exercise  their  movements,  and  which  would  seem 
an  essential  part  b  their  combination.  These 
elements,  which  our  senses,  indeed,  never  shew, 
us  pure,  being  continually  put  in  motion,  one 
by  the  other,  always  aAmg  and  re-a^ting,  al- 
ways combining  and  separating,  attracting  and 
repelling,  are  sufficient  however  to  explain  to 
us  the  formation  of  all  the  material  beings  we 
perceive.  Their  motions  without  intercuptioa, 
are  alternately  cause  and  effed.  They  form  one 
vast  circle  of  generations  and  destrudions,  of 
combinations  and  decompositions. 

In  the  analyzation  of  these  properties,  the 
ancients  did  not  overlook  these  striking  and 
contrary  natures.  They  soon  perceived  the  pa9*« 
siveness  of  some,  and  the  activity  of  others.  Thus 
Ocellus  Lucanus,  one  of  the  earliest  of  the  Greek 
writers,  and  from  whom  Cicero  borrowed  the 
doftrine,  says,  '^  two  of  the  elements  are  pas- 
sive, and  two  of  then!  a&ive.  Fire  and  air  have 
the  power  of  motion;  water  and  earth  are 
only  capable  of  receiving  the  impressions***  Of 
which  do&rine,  as  has  been  well  observed,  we 

have 
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have  an  obvious  instance  in  the  body  of  nuln^ 
which  hath  life  and  motion  as.  long  as  fire  and 
air  maintam  their  proper  stations  and  perform 
their  proper  ofBces  in  it ;  but  when  they  have 
left  it,  it  becomes  nothing  but  an  inactive  mass 
<^  earth  and  water,  falling  quickly  into  disso^ 
lution.  All  the  philosophers^  however,  of  the 
ancient  world  were  not  of  this  opinion.  Thales^ 
among  others,  looked  .upon  water  as  the  sole 
principle  of  every  thing ;  others,  as  AnaximeneSj, 
bestowed  that  property  upon  air;  while  there 
were  not  wanting  those,  who,  like  some  of  our 
modern  naturalists,  could  find  it  exclusively  in 
fire.  Empedocles,  at  length,  united  these  opi*. 
nions,  and  admitted  the  elements  which  we  have 
already  enumerated,  and  which  Aristotle  adopt- 
ing from  him,  handed  down  to  his  followers^ 
who  transmitted  them  to  the  sixteenth  century* 

The  source,  whence  the  discrimination  of  all 
these  elementary  data  was  derived ^i  was  evidently 
chymistry ;  an  art  which,  perhaps  of  all  othen^ 
has  been  the  most  extolled  by  its  admirers,  and 
the  most  condemned  by  its  opponents.  Chy- 
mistry,  however,  was  alone  equal  to  an  elu- 
cidation of  the  changes  caused  in  bodies  by  i1k>- 

tion.    Unassisted  by  the  observation  of  effects 

evi- 
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evident  to  the  senses^  the  human  mind  was  ua* 
able  to  draw  within  the  reach  of  reason,  the 
vast  varieties  whidi  were  occasioned  by  tiiis  im- 
pulsive power.  To  this  science'  therefore,  which 
comprehends  all  those  particular  properties  of 
bodies  which  are  ascertained  by  the  assistance  of 
heat  or  the  application  of  other  bodies,  and  in^ 
ckide  all  that  infinite  variety  of  new  appearances 
and  particular  properties,  which  are  the  result  of 
combination  or  separation,  we  are  greatly  in- 
debted. Many  of  the  ancients  conjeAured,  and 
many  of  the  modems  had  glimpses  of  the 
truth  ;  but,  years  alone  have  been  able  to  ascer- 
tain and  explain  it. 

Ftrr,  the  element  with  which  we  shall  begin, 
is  defined,  an  ever  adling,  penetrating  fluid,  en- 
dowed with  a  contmual  motion,  and  tending 
always  to  increase ;  never  capable  of  being  seized^ 
or  examined  as  to  its  properties ;  and  from  that 
impossibility,  it  is  left  to  us  to  judge  of  it  merely 
in  its  efiedb.  Boerhaave  divides  these  effeds  into 
three,  light,  heat^  and  rarefa6kibn.  Light,  as  dis« 
covered  by  Newton,  is  to  be  decomposed  into 
seven  different  rays:  red,  a  primitive  simple 
colour ;  orange,  a  colour  composed  of  red  and 
yellow;   yellow^  a  primitive  simple  colour; 

green. 
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green/  composed  of  ydtow  and  blue ;  blue^  pri« 
Oiitive  and  simple ;   indigo,  composed  of  blw 
and  violet ;    viokt^  primitive   and  ^mple.-^ 
Andthese^  after  the  opinion  of  the  ancienci^ 
he  proved  to  cxiat  from  their  rektive  capacities, 
and  their  power  to  retain  the  solar  rays  t  for, 
were  colour  in  the  atoms  themselves,  says  Lu« 
cretius,  it  would  be  as  intransmutaUe  as  they 
are ;  and  so  the  things  consisting  of  atoms,  that 
are  of  no  colour,  could  not  change  in  that  re« 
speft,  and  appear  with  colour;  whereas,  we  ob- 
serve the  contrary  happens,  for  the  sea  foaming, 
looks  white,    it  being  otherwise  of  a  green 
colour,  which  doubtless,  if  it  were  in  it  by  reason 
of  green  atoms,   could  not  be.  changed  into 
a  white  colour.    Light  comes  from  the  sun  to 
the  earth  in  little  more  than  seven  minutes. 
It  is  transmitted  to   our  eyes  by  a  peculiar 
fluids  which  occupies  the  incerval  between  utf 
and  visible  bodies.     But,  whether  it  comes  cK- 
reddy  from  the  sun,  by  successive  emissions  or 
•radiations,  or  whether  it  be  a  peculiar  fluid  dis<- 
tnbuted  through  space,  and  put  in  aftioaby  tho 
sun's  rotatory  motion,  orby  any  other  cause,  is  not 
at  present  essential  to  our  inquiry.     All  natural 
bodies  may  be  considered  as  prisms,  wliich  de* 
compose^  or  mthei  divide  the  light.    Some  re^ 
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fled  the  rays  without  producing  any  change, 
and  those  are  white;  others  absorb  them  all, 
and  cause  absdute  blackness.  Light  is  not  mere- 
ly a  physical  substance ;  its  effeds  are  strikingly 
evident  in  all  the  phenomena  of  nature,  particu-* 
larly  in  the  animal  and  vegetable  kingdoms.  — 
Organization,  sensation,  spontaneous  motion, 
and  life,  exist  only  at  the  surface  of  the  earth, 
and  in  places  exposed  to  light.  Without  light, 
nature  would  be  lifeless,  inanimate,  and  dead  :  a 
benevolent  God,  by  producing  light,  has  spread 
organization,  sensation,,  and  thought,  over  the 
surface  of  the  earth. 

Heat  penetrates  all  bodies  without  exception, 
though  it  does  not  render  them  more  elastic  than 
they  were  when  cold.  It  tends  alwajrs  to  pre- 
serve an  equilibrium.  Its  weight  is  not  known, 
for  nothing  proves  that  a  body  heated  is  heavier 
than  when  it  was  cold.  It  quits  a  substance  by 
alow  degrees.  It  dilates  the  most  part  of  mi- 
nerals ;  and  when  strong,  contra&s  organic  bo- 
dies. All  these  properties,  however,  did  nor,  it 
was  supposed,  demonstrate  the  existence  of 
body,  and  therefore  it  was  thought,  that  heat 
was  a  modification,  like  motion.  Bacon  believed 
it  to  be  the  collision  of  the  last  molecules 

of 
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of  bodies  the  one  on  the  other^  and  his  opi- 
nton  was  adopted  by  many.  As  no  substance 
however  rarefied  by  heat  acquires  weighty  but 
on  the  contrary  loses  it,  it  was  likewise  imagined 
that  rarefaftion  was  simply  the  putting  asunder 
the  parts  of  a  warm  body,  the  pores  of  which 
were  increased  in  such  a  manner,  as  to  have 
greater  voids,  and  less  solid  parts,  in  a  given 
space,  than  they  had  before. 

The  power  of  fire  is  so  great,  its  effefts  so 
extensive,  and  the  manner  of  its  a6bing  so  won- 
derful, that  some  of  the  wisest  nations  of  old 
reverenced  and  worshipped  it  as  the  Supreme 
Deity.   Some  of  the  chymists,  also,  after  they 
had  discovered  its  surprising  operations,  suspe&- 
cd  it  to  be  an  uncreated  being.     The  Vesta  of 
the  Roman  was  no  other  than  the  element  of 
fire;  the  E^m  of  the  Greeks,  which  the  best  phi- 
lol(^sts  derive  from  the  Esh  of  the  Hebrews.* 
The  Apis  and  Serapis  of  the  £g)^ptians,  besides 
similar  syqfibolical  representati&ns  among  the 
Chaldseans  and  Phaenicians,  may  be  referred 
to  the  same  original.    Fire,  being  the  purest 
body  in  nature,  its  worshippers  supposed  that  it 
ought  to  be  honoured  with  the  purest  kind  of 
devotion;  on  which  account,  the  female  vota- 
ries 

*  Philosophy  of  the  Elements. 
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Ties  of  this  deity  were  bound  to  inviolable  chas^ 
tity.     Hippocrates  without  reserve  attributes 
to  this  element  mind  and  understandings  Ev  tv/ « 
4^9  Tf^i  ^P^W*  The  Stoics  held  the  divinity  c^ 
fire.    By  the  fabulous  history  of  Vulcan^  the  ter^ 
restrial  and  subterraneous  fire  is  to  be  understood, 
according  to  chymical  mythologists,  as  being  the 
fabrication  of  all  those  mineral  exhalations^  which 
mount  up  into  the  sky^  and  furnish  Jupiter  with 
the  materials  for  his  thunder  and  lightning. 
Fire  was  even  by  some  supposed  to  be  Jupiter 
himself* 

Fire  is  generally  divided  into  three  kinds  or 
species,  viz.  celestial,  subterraneous  and  culinary; 
or  more  properly  solar,  culinary,  and  elementary. 
The  solar  b  that  fire  which  rcisides  in  the  orb 
of  the  sun  as  its  reservoir,  afid  proceeds  from  it 
in  the  form  of  light.  *  The  culinary  is  that 
fire  which  is  kindled  upon  earth  by  any  artifi- 
cial means,  and  bums  in  any  sort  of  fuel.  The 
elementary  is  that  subtile  fluid,  which  resides 
constantly  in  all  gross  bodies,  and  is  not  neces- 
sarily distinguished  by  its  heat,  as  culinary  fire; 
nor  by  its  light,  as  the  solar  or  siderial  fire ;  but 
is  known  by  other  effedsy  even  in  a  cold  invi* 
sible  state.    These  three  are  one  and  the  same 

fluid  i 
*  Philosophy  of  the  Elements. 
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fluid ;  for  they  have  the  same  properties,  and  the 
same  effeds.  The  solar  fire  will  burn,  in  fuel, 
and  a£k  on  solid  matter  with  greater  effedt,  than 
the  most  violent  fire  of  a  furnace :  the  culinary 
fire  will  promote  vegetation  and  ripen  fruits,  a$ 
the  sun  does :  the  elementary  will  light  a  candle^ 
and  fire  gun-powder,  as  the  culinary;  will 
affixd  a  spedrum  of  the  seven  primordial  co- 
lours^ in  common  with  the  solar  rays,  or  the 
light  of  an  ordinary  fire ;  and  will  throw 
metals  into  fusion,  with  a  melting,  scorching 
heat*  They  are,  however,  imitated  with  a  dif- 
ferent sort  of  motion.  The  solar  matter,  or 
lig^t,  moves  in  right  lines ;  the  culinary  vibrates 
and  tends  naturally  up^^ards;  the  elementary 
presses  in  with  a  shock  to  restore  an  equilibrium, 
and  is  diffused  in  all  dire&ions.  But,  still  they 
are  radically  the  same.  The  solar  fire,  which 
pe^tiates  the  opaque  body  of  the  earth,  is  there 
dissipated,  and  becomes  elementary  :  the  elemen* 
^ty,  s^tated  by  any  violent  motion  or  attrition, 
and  communicated  to  any  proper  combustible 
matter,,  becomes  culinary;  and  the  culinary^ 
when  cold  and   extind,  becomes  elementary 

When  these  and  some  other  points  came  to  be 
luiderstood,  it  was  readily  perceived  that  the 

.  spirituality 
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spirituality  of  fire  was  to  be  given  up,  and  that 
it  was  to  be  considered  as  a  corporeal  substance  ; 
for  as  it  can  drive  out  matter  from  any  given 
space,  that  which  can  expel  other  bodies,  and 
take  place  of  them,  must  itself  be  a  body.  It 
may  be  seen  to  pass  through  a  liquor  shooting 
in  subtile  streams.  It  therefore  is  material  as 
air  is,  which  in  liquor  is  seen  in  bubbles.  Boer- 
haave  brings  it  as  an  experiment,  to  prove 
that  fire  is  a  true  corporeal  substance,  that  the 
rays  of  the  son,  from  a  very  powerful  bum* 
ing  glassi  direfted  to  the  extremity  of  a  mag. 
netic  needle,  gave  motion'  to  it,  as  a  stroke  or  a 
blast  would  have  done.  But,  if  we  want  any 
evidence  that  fire  can  affed  bodies  with  a  true 
corporeal  percussion,  we  have  nothii^  to  do  but 
to  feel  the  shock  of  it  in  eleftricity. 

One  principal  difficulty  concerning  the  nature 
of  fire,  is  to  determine,  whether  it  be  originally 
such,  formed  thus  by  the  t^reator  himself  at  the 
beginning  of  things ;  or  whether  it  be  mechani* 
cally  producible  from  other  bodies,  by  inducing 
spme  alterations  in  the  particles  thereof?  The 
former  opinion  is  maintained  by  Hombei^, 
Boerhaave,  the  younger  Lemery,  S'Gravesande : 
the  latter  is  chiefly  supported  by  our  English 
philosophers.  Bacon,  Boyle,  and  Newton.  But, 

we 
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we  will  not  here  enter  into  so  eddless  a  field  of 
discussion.  The  one  party  held  fire  to  be  coe- 
val with  bodies ;  and  the  other,  that  to  produce 
heat  in  a  body,  nothing  was  required  but  to 
excite  a  certain  motion  in  its  parts.  A  still  greaN 
cr  question,  if  possible,  hath  since  indeed  arisen; 
and  as  it  even  at  this  moment  admits  of  contro- 
vcrsy,  we  shall  not  misemploy  our  time  in  giv- 
ing it  a  little  of  bur  attention* 

*Itis  of  small  importance,  when  or  by  whom 
the  dodnne^  that  light  is  not  the  same  substance 
with  heat,  was  started.    The  philosophers  of 
the  continent  had  it  many  years  ago,  and  among 
others,  L*Abbe  Pluche  and  Boerhaave,  who  in- 
sisted, that  the  body  of  fire  was  an  element  quite 
different  from  the  body  of  light ;  that  fire  was 
not  emitted  from  the  sun  by  projeftion,  but  re- 
sides all  around  us;  that  it  was  equally  dis- 
persed  in  the  air  and  in  all  bodies ;  that  it  be- 
trays  its  presence  in  proportion  as  it  is  disturbed 
and  pressed ;  that  it  remains  there  constantly  the 
same ;  that  it  is  both  ingenerable  and  indestruc- 
tible ;  that  it  can  neither  generate  any  new  fire, 
nor  be  produced  where  .it* was  not;  that  it  may 
be  laid  hold  of ;  that  it  can  push,  and  divide 
Other  bodies,  thlt  it  may  not  aft  diversely  with"^ 
tlieni ;  but  that  it  can  convert  nothing  into  its 
own  nature,    for  that  otherwise  every  thing 
/VOL.  !•  K  would 
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would  have  been  changed  into  fire^  since  the  six 
thousand  years  that  fire  has  been  burning.  The 
celebrated  Bergman  leaned  also  to  the  same  opi- 
nion. "  I  know/*  says  he,  "  that  many  philo- 
sophers of  the  first  rank  are  of  opinion,  that 
the  phenomena  of  heat  are  tol^e  expl^uned  upon 
the  supposition  of  intestine  motion  in  bodies ;  but 
upon  considering  the  whole  attentively,  I  am 
firmly  persuaded  that  heat  arises  from  the  aftion 
of  a  distinSl  and  peculiar  substance,  which  is 
distributed  through  the  whole  corporeal  world, 
and  that  in  a  two-fold  state ;  for,  first,  we  con- 
sider this  matter  as  fireej  when,  in  form  of  an 
elastic  fluid,  continually  tending  to  an  equili- 
brium, it  pervades  all  bodies,  dense  as  well  as 
rare.  This,  in  proportion  to  its  quantity,  ex- 
cites different  degrees  of  heat  in  animals,  di- 
lates and  disposes  all  bodies  xo  fluidity  according 
to  certain  circumstances.  Thus  platina,  in  order 
to  be  fused^  requires  to  be  very  highly  concentrat- 
ed ;  other  metals  less  so ;  and  mercury,  a  quan- 
tity so  small,  that  a  sufficiency  is  almost  always 
present  in  the  atmosphere ;  I  say  almost  always, 
for  some  late  observations  in  Siberia  shew,  that 
there  .mercury  has  been  sometimes  congealed  by 
natural  cold.  Whether  there  can  exist  any  such 
state  as  that  of  perfefk  privation  of  beat^  or  ab- 
solute cold,  is  yet  unknown.    In  such  a  state^ 
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(supposing  any  such  to  exist)  if  I  mistake  not,*' 
continues  Bergman,  "  the  aerial  acid  itself  must 
be  congealed,  as  fluidity  appears  to  depend  en- 
tirely upon  heat.  It  is  necessary,  however,  that 
phlogiston,  the  matter  of  heat,  and  fire,  should 
be  carefully  distinguished  :  phlogiston^  combin- 
ed with  pure  air  in  a  certain  proportion,  consti- 
tutes the  matter  of  heat ;  fire  is  the  action,  by 
which  a  body  is  deprivedof  phlogiston  by  means 
of  pure  air,  with  juCh  vehemence  as  to  generate 
not  only  heat  hut  fiame.  Fire,  therefore,  should 
rather  be  called  the  matter  of  heat;  for  in  the 
adion  of  heat,  when  increased  to  a  certain  de- 
gree, it  soon  passes  away  after  the  consumption 
of  the  fuel ;  but  the  heat  continues  though  it  be- 
comes rariiied,  and  is  distributed  among  other 
bodies.  There  is  always  heat  in  fire,  but  all 
heat  is  not  sufficient  for  exciting  fire.  Thence 
we  conclude,  that  every  body  has  a  determinate 
specific  heat,  which,  however,  appears  from  ex- 
periment to  vary  with  the  state  of  the  body.  In 
th^  solid  state,  it  contains  least ;  in  the  liquid, 
more ;  and  in  the  fluid,  in  which  there  is  the 
weakest  cqhesion,  it  has  the  most  specific  fire*'' 

Many  other  objedlions  have  been  advanced 
ligainst  the  received  do6brine  of  light  and  heat. 
Mons.  De  Lisle  in  particular  contended,  that 
though  the  solar  rays  do  not  produce  heat  by  their 
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fridion  against  the  parts  of  the  aerial  fluids  yet 
they  form  combinations  with  certain  parts  of 
that  fluids  which  have  no  afiinity  to  them ;  and 
that  a  concentrated  acid  in  these  rays^  uniting 
with  the  aqueous  particles  of  the  air,  produces, 
as  a  primary  cause,  the  he^t,  the  principle  of 
which  was  sought  for  in  the  direft  influence  of 
the  sun,  and  other  causes,  \yherefore,  the  solar 
rays,  if  they  did  not  meet  with  the  aqueous 
particles  of  the  air,  would  arrive  at  the  earth, 
without  warmth  or  energy,  as  they  do  at  the  tops 
of  mountains/' 

You  will  ask  me  here,  however,  what  is  this 
concentrated  acid  ?  Monsieur  Sage  will  tell  you, 
there  is  a  primitive,  igneous,  phosphoric  acid, 
the  universal  or  elementary  acid,  and  of  which 
all  the  other  acids  are  but  modifications.  When 
circulatmg  in  animals,  it  is  the  animal  acid; 
when  in  vegetables,  the  vegetable  acid ;  and  this 
latter,  modified  by  the  various  fermentations, 
produces  the  acid  of  wine,  asthereal  acid,  acid 
of  tartar,  and  even  the  acid  of  vinegar,  after 
having  been  anew  modified  by  the  acetous  fer- 
mentation- The  vitriolic  acid,  says  he,  is  a  mo- 
dification of  the  same  phosphoric  acid,  f  The 
aerial  acid,  or  fixed  air,  is  an  alteration  of  which 
this  universal  acid  is  susceptible.  The  vitriolic 
acid,  modified  by  a  small  portion  of  the  inflam- 
mable 
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mable  principle,  gives  the  volatile  sulphurous 
acid;  modified  by  the  odorous  principle  which 
proceeds  from  bodies  in  a  putrescent  state,  it 
gives  the  nitrous  acid ;  and  when  these  bodies 
are  only  at  the  commencement  of  putrescency, 
the  marine  acid.  This  phosphoric,  or  universal 
acid,  in  various  manners,  and  in  various  combi« 
nations,  is  diffused  through  nature.  It  enters 
into  the  formation  of  light  and  fire ;  it  is  one  of 
the  essential  and  integral  parts  of  air.  There  is 
IK>  animal,  or  vegetable,  that  is  not  possessed  of 
it.  It  enters  into  the  composition  of  calcareous 
earth;  of  phosphoric  spars;  of  basalts;  of 
alkalis ;  and  of  the  pure  dephlogisticated  air, 
by  which  we  breathe  and  exist.  It  is  not  to  be 
produced,  it  cannot  be  decomposed,  and  is  the 
heaviest  of  all  acids. 

Neither  fire,  nor  air,  nor  earth,  nor  water, 
have  always  been  allowed  to  be  primitive,  or 
simple  indestruftible  elements.  They  have,  on 
the  contrary,  been  said  to  depend  on  the  union  of 
certain  more  subtile  principles,  which  are  to  be 
disunited  and  recomposed  at  pleasure.  But,  what 
these  more  svibtile  principles  are,  nobody  can  tell« 

Among  the  ablest  defenders,  however,  of  the 
hypothesis  endeavoured  to  be  destroyed  by  these 
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and  such  other  acute  and  ingenious  modes  of 
reasoning,  hath  been  the  present  learned  pro- 
fessor of  Greneva,  Monsieur  De  Saussure.  In  his 
late  instrudive  writings  on  the  Alps,  he  asks  what 
'  is  the  cause,  why  cold  reigns  so  powerfully  on 
mountains  ?  "  The  great  geometrician  Lam- 
bert," says  he,  "  informs  us,  that  heat  mounts 
in  air,  without  interruption.  That  which  the 
earth  receives  from  the  sun  during  the  course  of 
a  year,  strikes  upwards  and  spreads  itself,  as  the 
earth  stands  in  continual  need  of  new  heat,  lest 
it  should  become  too  cold.  As  much  then  as 
the  ascension  of  heat  depends  upon  its  levUy,  so 
much  does  its  quickness  increase  as  it  ascends. 
Hence  it  is  that  the  particles  of  fire  fly  distant 
from  each  other,  as  they  mount  upwards ;  and 
consequently,  that  their  density,  and  of  course 
their  heat,  diminish  in  the  superior  regions  of  the 
atmosphere/'  De  Luc,  in  this,  agrees  with 
Lambert,  that  the  igneous  fluid  is  more  rfire  in 
the  higher  regions  of  the  s^tmosphere ;  but  his 
reasons  are  in  perfect  contradiftion  to  Lambert. 
The  geometrician  of  Berlin  conceived  the  fire 
to  become  rarified  by  the  adtion  of  the  weight  of 
the  air.  De  Luc,  on  the  contrary j^  contends,  that 
it  becomes  condensed  in  the  lower  regions  of  the 
atmosphere  by  its  own. specific  weight.  Lambert 
considered  fire  p.s  a  fluid  in  motion,  which  rari- 
fied 
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&d  according  to  the  acceleration  of  its  ascension* 
De  Luc  compares  it  to  a  close  fluids  the  parti- 
cles of  which  are  condensed  from  a  reciprocal 
pressure.  Finally,  on  the  question  of  the  identity 
of  fire  and  light y  which  Mons.  Lambert  did  not 
venture  to  resolve  upon,  but  to  the  affirmative 
of  which,  it  is  very  evident,  he  leaned^  De 
Luc  boldly  decides  in  the  negative ;  and  holds  it 
as  certain,  that  light  is  a  body  incapable  of  warm- 
ing another  body  of  its  own  accord ;  but  that 
put  into  motion,  the  igneous  fiuid  which  it  con* 
tains  then  ads,  and  with  the  strongest  power 
near  the  surface  of  the  earth,  because,  as  an 
elastic  and  weighty  fluid,  it  is  more  condensed 
there,  than  in  a  more  elevate^  part  of  the  atmo- 
sphere. 

**  For  m3*self,"  says  De  Saussure,  **  I  freely 
confess,  notwithstanding  the  authority  of  such 
celebrated  philosophers,  I  neither  can  look  upon 
fire  as  a  fluid,  so  entirely  free  and  independent 
as  to  elevate  itself  with  such  rapidity  by  its  spe- 
cific levity,  or  to  condense  itself  by  its  specific 
gravity.  It  appears  to  me,  that  the  more  the 
phaenoiQena  of  that  subtile  matter  is  inquired 
into,  the  more  a  man  must  be  convinced  that  it 
is  connected  with  all  bodies  by  so  great  an  affini- 
ty, that  all  its  motions  are  determined,  or  most 
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powcr6a&y  modified  by  that  affinity.  An  ignited 
body  pluqged  in  air^  indeed^  gives  a  greater 
heat  above  than  it  does  below^  in  consequence  of 
the  axiom,  that  heat  ascends.  But,  this  eSedt 
is  undoubtedly  owing  either  to  the  levity  of  the 
fluid  which  constitutes  the  flame,  or  to  the  levity 
of  the  air  dilated  by  the  heat,  and  not  to  tfae 
specific  levity  of  the  igneous  fluid  itself.  Not 
but  that  I  regard  the  igneous  fluid  as  incomparably 
more  light  than  air ;  at  the  same  tinoe,  I  do  not 
believe  it  enjoys  a  freedom  so  complete  in  -our 
atmosphere,  as  to  ascend  in  virtue  rf  its  own 
specific  levity/* — The  celebrated  Monsieur  Boo- 
(guer,  in  treating  of  his  voyage  to  Pem^  says, 
'^  One  has  reason,  in  the  explanation  of  the 
cold  which  reigns  on  the  tops  of  high  moun- 
tains, to  insist  on  the  shoH  continuance  of  the 
action  of  the  sun,  which  prevents  each  of 
their  faces  from  being  struck.  An  horizontal 
plainy  when  the  heavens  are  pure,  is  subjeA  ia 
open  day  to  the  perpendicular  aftion  of  the  rays 
of  the  sun,  and  without  any  thing  to  diminish 
their  force ;  instead  of  which, «  ground  greatly 
inclined,  or  the  sides  of  a  high  pointed  rock, 
cannot  be  struck  but  obliquely.  But,  let  us  sup- 
pose for  ^moment  an  insulated  point  in  the  midst 
df  the  high  regions  of  the  atmosphere,  and  set- 
tmg  aside  the  idea  of  all  mountains^  si^pose  it 

as 
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as  the  clouds  which  float  in  the  air.  The  more 
a  laedium  is  diaphanous,  the  less  of  heat  must 
it  receive  from  the  direft  aftion  of  the  smi.  The 
iadliry  with  which  a  very  traospareiit  body  gives 
passage  to  the  rays,  shews  it  is  with  difficulty  the 
minute  partides  aie  struck  against  each  other.-— 
In  fzSty  what  impiession  is  to  be  received  from 
it,  when  in  its  passage  it  scarcely  meets  with 
any  obstacle  ?  In  the  higher  reg^s,  the  air 
is  subtile  and  transparent.  In  the  lower,  the  air 
being  denser,  is  heated  by  -cotosid^  or  by  the 
neighbourhood  of  bodies  more  dense.  The 
lowest  bed  of  the  atmosphere  foy  this  means  con- 
tra&s  daily  a  very  considerable  beat,  and  in* 
creases  in  the  ratio  of  its  density.  But,  one 
readily  sees,  it  is  not  the  same  tbii^,  at  a  les^e 
and  a  half,  and  at  two  leagues  from  the  surface 
of  the  earth,  although  the  light  which  passes 
is  a  little  more  vivid.  The  air  and  wind  must, 
,  cheiefore,  in  such  situations  be  always  extremely 
cold ;  and  the  more  the  points  are  elevated,  the 
more  penetrating  must  be  the  cold.'' 


'^  A  fad  well  known,*'  says  De  Saussiire,  ^*  and 
which  proves  strongly  to  my  mind,  that  the  ac- 
tion of  the  solar  rays,  considered  in  themselves, 
and  independent  of  all  exterior  causes  of  cold, 
is  as  great  on  the  tops  of  mountains  as  in  the 

level 
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level  couiitry,  is,  that  the  force  of  a  lens  is  the 
same  at  all  heights.  I  am  thoroughly  convinced^ 
therefore,  with  Bouguer/*  continues  he,  "  that 
the  principal  reason  of  the  cold  which  reigns  on 
the  tops  of  mountains,  particularly  those  insu* 
lated,  is,  that  they  are  always  surrounded  and 
cooled  by  an  air  that  is  invariably  cold  ;  and  that 
that  air  is  cold,  because  it  cannot  be  greatly  heated,  * 
neither  by  the  rays  of  the  sun,  in  consequence  of 
its  transparency,  or  by  the  surface  pf  the  earth, 
OQ  account  of  its  distance  from  the  surface. 

But,  philosophers,  not  satisfied  with  the  tSk&, 
are  even  divided  about  the  nature  of  light.  Some 
think  it  the  same  as  the  element  of  Jire^  in  the 
state  of  its  greatest  purity ;  others  look  upon  it 
as  of  a  totally  different  nature,  incapable  by  it* 
self  of  heating;  and  that  it  has  no  other  power, 
than  that  of  giving  motion  to  the  igneous  fluid 
which  produces  heat.  Yet,  all  s^ree,  that  light 
does  not  excite  heat  in  bodies,  but  in  proportioa 
as  it  is  absorbed  by  them;  and  different  bodies,  we 
know,  absorb  light  in  greater  or  less  quantities. 
For  instance.  Dr.  Franklin  having  exposed  two 
small  pieces  of  cloth,  of  the  same  texture,  but 
of  different  colours,  upon  the  surface  of  the 
snow,  and  to  the  lays  of  the  sun,  he  perceived, 
a  few  hours  afterwards,  that  th^  red  cloth  was 

buried 
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buried  in  the  snow^  while  the  other^  which  was 
white,  had  not  suffered  any  depression.  Mons. 
de  Saussure  also  observes,  that  the  peasants  of 
the  mountains  of  Switzerland  are  careful  to  spread 
a  black  earth  over  the  surface  of  grounds  co- 
vered with  snow,  when  they  are  desirous  of  melt- 
ing it,  to  sow  their  seed.  So  likewise  children 
burn  a  black  hat  in  the  focus  of  a  siiiali  lens, 
which  would  scarcely  heat  a  white  one. 

Thus  the  denser  air  is,  the  more  it  is  charged 
with  vapour,  and  the  hotter  it  is.  Are  not  then 
the  reverberation  of  the  rays  of  the  sun,  from 
the  surface  of  the  earth ;  the  reJleBion  from  the 
denser  parts  of  the  atmosphere ;  and  the  super- 
ficial  heat  of  the  globe  itself,  the  real  causes  which 
fiender  it  warmer  on  plains  than  on  mountains  ? 

• 

*'  The  influence  of  the  sur&ce  of  the  earth 
on  the  temperature  of  different  places,"  conti- 
nues De  Saussure,  "  proves  strongly,  that  it  is 
CO  reverberation,  and  the  communication  of  the 
internal  heat,  that  the  greatest  part  of  the  heat 
of  our  plains  is  owing.  Why,  under  the  torrid 
zone,  have  the  litde  islands  a  tempetature  always 
supportable,  while  the  middle  of  contii^snts,  situ- 
ated in  the  same  latitude,  is  tormented  by  the 
xnost  viQlent  heat,  if  it  were  not  that  the  sea 

re- 
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tcceives  the  $un  deeper,  and  i€ilurns  less  of  its 
:heat:ioto  the:air  than  the  earth  ?  Why  is  it  chat 
cultivated  CQiptries  have  beaer. air. than  others^ 
if  it  be  not  chat  cultivated  lands  receive  an4 
return    more    of  the   r^ys  of  the    sun  than 
forests?   Why^  in  the  center  pf  Europe,  dpes 
one  feel  a  considerable  augqientapon  of  heat  at 
,  the  period  immediately  following  the  harvest,  if 
it  be  not  that  che  com  is  not  capable  of  rever- 
berating into  the  air  as  much  heat  as  the  earth 
itself?    At  nineteen  hundred  toises  above  the 
f  level  of  the  sea,  in  ascending  Mont  Blanc,  and 
( wichqut  any  snow  about  me, « which  could  rever- 
t  berate,  I  fovmd  it  insuppoitably  hoc.    Whence 
.  is  this  ?  To  ;me  it  sqppears  to  arise  from  the  great 
i  aensibiliry  pf  tl^e  hMn;i.an  fraine  in  such  an  ele va* 
tion,  particularly  as  {be.  thj^rqiometer  did  not 
accord  with  the  sensation.   The  considerable  di- 
ijEninutiQn.in:tbe  pressure  of :  the  atmosphere  on 
.  one's  body  af  sjia^oh  a  height^  must  unavoidably 
t  .produce  a  rcilaxaiion  m  the  whole  of  the  yasc^Ur 
system;. and  hence  it  follows,  that  thctdiroft 
^  heat  of  the  sun,  which  tends  to  dilate  theltquids 
inclosed  in  these  vessels,  and  even  to  discng^e 
the  elastie  fluids,  must  of  course  produce  a,  great 
effe6l:  on  the  tops  of  mountains ;  and  ^the  same 
may  be  said  with  respe£k  to  the  difiiculty  of 
•  breathing,  and  the  procfigious  fatigue  which  we 

'  perceive  as  we  advance  in  elevation.'' 

The 
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The  ingenuity,  and  the  strong  grounds  of  de- 
monstrative evidence  which  this  reasoning  appa« 
rently  possesses,  would  have  been  sufficient,  you 
would  have  thought,  to  have  precluded  all  fur- 
ther controversy  upon  the  subjedt.  It  had  even 
great  antiquity  to  support  it,  for  Aristotle  ex- 
plained the  reason  why  the  air  near  the  earth  was 
more  heated  than  in  higher  situations ;  and  Sene- 
ca, after  him,  assigned  the  same  reason,  the  re- 
flexion of  the  solar  rays  from  the  surface  of  the 
ground,  '^  quod  radii  solis  a  terra  resiliunt  et  in 
se  recurrunt.  Horum  duplicatio  proxima  quae* 
que  a  terris  calefacit,  qeuae  ideo  plus  habent  te- 
poris,  quia  solem  bis  sentiunt/'  But  De  Luc 
felt  otherwise.  The  causes  to  him  seemed  in- 
adequate to  the  phaenomena.  ^'  M.  De  Saus- 
sure,^*  says  he,  **  contends  that  the  rays  of  the 
sun  3Xt  fifty  and  that  in  passing  through  a  rare 
and  pure  air  they  heat  it  but  little ;  and  that  they  ^ 
produce  greater  and  greater  heat  in  proportion  as 
the  air  b  more  dense  and  more  loaded  with  yz^ 
poui%.  Now  this  very  circumstance  may  be 
considered,  in  my  opinion,  as  a  proof  that  light 
is  not  fire ;  for  fire  would  follow  a  very  different 
progression.  If  a  globe  of  metal,  very  hot  but 
not  luminous,  was  suspended  in  the  upper  part 
of  the  atmosphere,  it  would  heat  the  parts  near-' 
est  to  it  most,  and  the  earth  would  receive  no 

greater 
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greater  heat  than  that  of  the  stratum  of  air  cofl-r 
tiguous  to  it.  Mods.  De  Saussure  endeavours  to 
'  prove  likewise,  that  the  greater  heat  of  the  air 
on  the  plains  is  owing  to  the  heat  communicated 
to  it  by  the  earth.    But  from  the  very  curious 
experiments  of  Mons.  Picket,  it  is  evident,  that 
in  the  night,  to  the  height  of  fifty  feet,  which 
is  as  far  as  his  experiments  went,  there  is  no 
stratum  of  air  less  hot  than  that  which  rests  im- 
mediately on  the  ground.    Thus  it  appears  eon-' 
elusive  to  me,  that  the  greater  degree  of  heat 
which  the  sun's  rays  produce  in  the  lower  part 
of  the  atmosphere,  is  owing  not  to  the  greater 
density  of  the  air,  but  to  the  greater  quantity 
of  watery  vapours  it  contains.     For  let  us  recoi- 
led, that  it  is  not  that  part  of  the  day,  in  which 
the  sun  produces  greatest  heat  in  the  lower  strata^ 
that  the  watery  vapours  are  diminished  there ;  yet 
without  reaching  the  upper  ones,  it  is  natural  to 
conclude,   that  the  two  effedts  are  connedted 
with  the  same  cause,  namely,  the  transformation 
of  vapours  into  air  by  the  solar  aft  ion.     And 
as  in  this  case  a  sufficiency  of  fire  must  be  form- 
ed, not  only  for  supplying  what  is  necessary  to 
the  constitution  of  the  new  air,  but  likewise 
for  producing  an  increase  in  the  quantity  of  free 
fire,  it  will  follow,  that  the  water  which  then  dis- 
;ippears,  contained  the  matter  of  fire^  and  that  the 

sun*s 


LETTER  XIV.  l^g 

sun's  rays,  in  producing  fire  with  that  matter^ 
produced  al^o  the  substance  which  distinguishes 
the  nitrous  acid. 

De  Luc  likewise  supported  his  opinion,  by 
proving,  ^^  that  when  there  was  a  more  than  or- 
dinary quantity  of  vapour  in  the  atmosphere,  but 
without  clouds,  the  rays  of  the  sun  were  more 
warm  than  when  it  was  serene.  As  exhalations 
of  all  kinds,  says  he,  are  less  considerable  in 
winter  than  in  summer,  this  deficiency  may  in 
a  great  measure  account  for  the  small  degree  of 
heat  in  winter.  And  this  enables  me  to  assign 
the  reason  why  there  should  be  so  great  a  dif- 
ference in  the  cold  of  water  in  countries  al- 
most exadly  in  the  same  latitude,  but  varying 
in  the  nature  of  their  atmosphere.  For  ex- 
ample, it  is  well  known  the  winters  in  England 
are  less  severe  than  those  on  the  continent  in  the 
same  latitude,  and  of  an  equally  low  situation. 
The  reason  is  clear ;  England  being  an  island, 
is  always  covered  with  vapours  which  arise  from 
the  sea,  and  consequently  the  rays  of  the  sun 
can  cause  more  heat  in  England  than  in  a  drier 
and  clearer  sky." 

It  will  be  unnecessary  to  trouble  you  with 
any  thing  more  of  the  controversy  which  has 

been. 
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been,  and  U  still  carrying  on  between  tbesc  c©*# 
lebrated  philosophers  of  the  country  where  you 
now  are.     It  is  a  curious  subjeft,  but  liable  to 
endless  discussion.    For  my  own  part,  I  must 
honestly  confess  my  full  assent  to  the  doftrine^ 
that  the  solar  light  is  positive  heat.    The  con- 
clusions drawn  from  M.  Picket's  experiments  of 
the  stratum  of  air  next  to  the  earth  being  cold- 
est at  night,  are  rather  ingenious,  I  thmk,  than 
convincing.     Aqueous  vapours  will  certainly 
multiply,  and  consequently  increase  the  quan- 
tity of  heat ;  but  in  order  to  do  so,  they  must 
be  aScd  upon  by  heat.    Now  is  it  not  to  be 
presumed,  that  during  the  coldness  of  the  nighty 
that  is,  during  the  absence  of  the  sun,  the  par- 
ticles of  fire  would  rush  from  the  surface  of  the 
earth,  in  successive  progression  from  the  stra- 
tum of  air  immediately  adjoining  to  the  sur- 
&ce,  to  supply  the  general  deficiency  occasioned 
in  the  higher  regions  by  the  absence  of  the  solar 
influence  ?  Fire,  it  is  well  known,  is  a  fluid  that 
endeavours  to  expand  itself  on  all  sides,  and,, 
like  other  fluids,  to  maintain  its  equilibrium.   la 
the  exps^ision  of  air,  its  capacity  for  heat  is  en- 
larged.   Elastic  fluids,  while  they  expand,  ab- 
sorb heat  from  all  bodies  in  their  vicinity,  so  as 
to  produce  cold  in  them.  Thus,  when  bereft  of 
heat  from  the  sun,  they  will  of  course  absorb 
2     '  and 
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and  exhaust  from  the  earth  the  whole  of  the  re* 
plenishmenc,  which  it  received  in  the  day ;  and 
thus,  consequently,  the  air  nearest  the  ground 
in  the  night  will  be  colder  than  at  an  elevatioi) 
of  many  feet  in  the  atmosphere. 

'*  As  the  earthy*  says  Kirwan,  "  is  the  chief 
source  of  heat  in  the  atmosphere  that  surrounds 
it^  distance  from  the  earth  is  the  source  of  cold  ; 
or  in  other  words,  the  grearest  cold  must  prevail 
in  the  highest  regions  of  the  atmosphere ;  and 
so  much  the  greater,  as  clear,  unclouded  air 
seemsr  to  receive  no  heat  whatsoever  from  the 
rays  of  the  sun,  whether  dire<5t  or  reflefted. 
Thus,  if  the  focus  of  the  most  powerful  burning 
glass  be  direded  on  mere  airy  it  does  not  produce 
the  smallest  degree  of  heat ;  and  the  reason  is, 
because  the  ^r  being  transparent,  affords  a  free 
passage  to  the  rays  of  light,  which  a^  as  fire 
only  when  confined  within  the  minutest  interstices 
of  bodies ;  as  it  is  then,  and  then  only,  that  they 
counteraSl  the  attra&ive  power  of  the  particles  of 
matter ;  in  which  a&ion  and  re-aftion  heat  con- 
sists. The  next  general  source  of  cold  is  eva^ 
foration ;  for  the  attradion  of  the  particles  of  li- 
quids decreases,  as  their  points  of  eontaft  dimi- 
nbh,  and  thereby  their  capacity  for  receiving 
the  matter  of  beat  (which  is  the  same  as  light) 

VQL*  1.  h  increase? 
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increases.     By  this  increased  capacity,'  the  mat- 
ter of  heat  or  fire  contained  in  the  neighbouring 
bodies,  which,  like  all  other  fluids,  flows  when  it 
finds  least  resistance,  is  determined  to  flow  to- 
wards the  vapour ;  and  consequently  those  bo- 
dies are  cooled,  though  the  vapour  is  not  heated, 
because  the  re-aftion  of  its  particles  is  barely 
equal  to  that  which  it  had  before  its  capacity 
was  increased.   Even  in  our  own  persons  we  can 
prove,  that  when  the  body  perspires  strongly,  it 
is  less  heated  than  surrounding  bodies,  and  that 
perspiration  always  produces  a  certain  degree  of 
coldness.  Almost  all  fevers  end  in  perspirations, 
which,  beside  the  advantage  of  expelling  the 
morbific  matter,  possess,  likewise,  that  of  carry- 
ing off  the  matter  of  heat,  and  restoring  the 
body  to  its  common  temperature.     In  fadl,  all 
gaseous  substances  are  maintained  in  the  aeri- 
form state  merely  by  the  heat  which  is  com- 
bined with  them. 

The  heated  state  of  bodies  most  evidently 
consists  of  a  subtile  vibratory  motion  of  their 
parts.  For  the  particles  which  constitute  light, 
being  thrown  from  luminous  bodies  with  such 
amazing  velocity,  it  is  clear,  whatever  be  the 
cause  of  such  projeftion^  the  re-aftion  consequent 
upon  it  must  be  considerable.     But  what  is  this 

light, 
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light,  I  may  be  asked  again  ?  *  *'  It  must  be,"  an 
anti-Newtonian  would  say,  "  either  a  luminous 
body  of  itself,  or  it  must  issue  out  of,  and  pro- 
ceed from  some  other  body."  Now  the  latter 
case  is  improbable,  and  from  this  simple  expe^ 
riment.  Suppose  a  bright  and  burning  flame^ 
of  one  inch  diameter,  be  placed  upon  an  emi- 
nence, it  will  send  its  light  around  it  for  the 
space  of  three  miles,  which  makes  one  hundred 
and  thirteen  cubical  miles.  Now  that  this  small 
body  should  incessantly  emit  such  a  prodigious 
quantity  of  particles  as  to ///this  space,  appears 
incredible,  even  upon  the  supposition  of  the  in- 
finite  divisibility  of  matter.  Is  it  not  more  natu-- 
ral  to  suppose,  that  objeds  become  visible^ 
by  those  particles  of  light  which  intervene  be- 
tween our  eyes  and  the  objeft,  being  properly 
fxcited  and  put  in  motion  ? 

This  reasoning,  however  pUusible,  and  though 
bordering  upon  that  of  the  gr^at  Des  Cartes,  is 
yet,  perhaps,  erroneous.  Light,  we  may  sup- 
pose to  be  certain  inconceivably  small  particles 
of  matter,  of  different  magnitudes,  which  are 
emitted  or  reflefted  frow  every  point  in  the  sur- 
face of  a  luminous  body,  in  right  lines^  and  in 

"Li  all 
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all  direSioHS^  with  an  unparallelled  velocity^  an4 
whose  power  and  intensity  decrease  as  the  squares 
of  the  distances  increase.  Were  it  always  dif- 
fused, and  always  existing  in  the  air,  we  should 
see  as  clearly  in  the  night  as  we  do  in  the  day, 
because  the  sun  below  the  horizon  would  certain* 
ly  impel  the  globules  on  all  sides,  and  the  im- 
pression would  equally  affedk  our  eyes.  **  The 
colouTy  however,  you  must  acknowledge,"  say 
again  the  anti-Newtonians,  ^^  has  assuredly  a 
connexion  with  the  degree  of  heat.  Nay,  so 
certain  is  this,  that  with  those  who  are  concern- 
ed in  certain  chymical  processes,  the  colour  is 
the  criterion  of  the  degree  of  heat.  Thus  they 
know,  that  the  body  or  matter  they  are  operating 
upon,  when  just  beginning  to  glow,  is  atone  de- 
gree of  heat ;  when  of  a  cherry  red,  a  higher ; 
when  orange,  still  higher;  and  when  white,  great- 
est of  all.'*  To  this  I  can  only  answer,  on  general 
|)rinciples,  and  in  words  which  have  been  often 
made  use  of.  The  colours  of  natural  bodies  de* 
pcnd  upon  the  thickness  and  density  of  their 
component  parts,  and  consequently  the  mi- 
nutest changes  in  either  of  these  qualities  will 
make  very  considerable  changes  in  the  colour. 
But  there  is,  besides  this,  great  uncertainty  of 
tplour,  according  as  the  heat  varies  ;  and  this  is 
in  fad:  much  felt  and  complained  of.    Crystals 

of 


LETTER  XIV.  165 

of  quicksilver  in  aqua  fortis  are  white^  yellow^  or 
red,  according  to  the  degree  of  heat  to  which 
they  have  been  expo&d ;  whilst,  on  the  -other 
hand,  the  same  quiclcsilyer,  corroded  into  a  sa* 
line  mass  by  oil  of  vitriol y  remains  perfeAly 
white  in  all  degrees  of  heat.  * 

Notwithstanding  the  apparently  irrefragable 
truth  of  some  of  these  positions,  the  controver- 
sy is  still  said  to  be  undecided.  "  You  hold  j" 
say  the  opposers  of  the  Newtonian  do6trine, 
'^  that  the  particles  of  light  are  emitted  from 
the  surface  of  luminous  bodies.  So  far  we  will 
grant  yoO.  But,  in  return,  you  surely  can  have 
no  objedion  to  allow  us,  that  in  consequence  of 
such  emission,  the  substances  of  such  luminous 
bodies  must  be  gradually  dissipated  ?  Let  us  have 
the  permission,  therefore,  to  ask  you,  if  such  be 
the  case,  how  you  can  account  for  the  constant 
and  immense  consumption  of  the  solar  light, 
without  the  volume  of  its  orb  being  dimi* 
nished?" 

Here  is  indeed  a  difficulty,  which  has  long 
tormented  and  perplexed  the  profoundest 
of  our  philosophers.  The  analogy  of  nature, 
however,  presents  itself  in  a  striking  manner  to  \ 

L  3  us, 
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US,  and,  at  leasts  allows  us  to  conjedhire  that^ 
whatever  the  particular  mode  may  be,  there  yet 
unquestionably  must  be  some  mode  of  bring- 
ing the  sun's  own  matter  back  to  him  in  circula- 
tion ;  otherwise  his  source  must  undeniably  have 
been  exhausted  thousands  of  years  £^o.  Circu* 
lation,  then,*  would  seem  the  only  principle  upon 
which  the  phenomenon  can  best  be  account- 
ed for.  Circulation,  indeed,  at  once  solves  the 
difficulty,  and  that  in  an  intelligible  manner.  Firsts 
it  accords  with  the  progressive  motion  of  light, 
the  source  of  which  would  be  inexhaustible, 
because  there  could  be  no  exhaustion,  where 
there  was  a  supposed  circulation.  Secondly,  it 
agrees  best  with  that  analogy,  which  is  so  re- 
markable in  the  other  departments  of  nature. 
The  blood,  for  instance,  has  a  progressive  mo- 
tion in  the  bodies  of  all  animals ;  water  has  a 
progressive  motion  in  the  earth  and  seas ;  wind 
has  a  progressive  motion  in  the  atmosphere ;  and 
all  these  are  kept  up  by  the  grand  principle  of 
circulation.  The  blood  returns  into  its  own 
source ;  the  water  returns  to  the  ocean  whence 
it  came;  the  air  circulates  with  contrary  cur- 
rents  in  the  atmosphere ;  the  equatorial  and  po- 
lar parts  always  supply  each  other  reciprocally, 
tp  restore  the  equilibrium  :  so  that  if  the  matter 

of 
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of  the  sun  returns  into  itself^  there  is  nothing 
singular  in  the  case;  and  that  philosophy  is 
certainly  the   most  admissible^  which  creates 
the  fewest  principles^  and  explains  nature  in  such 
a  way  as  to  make  it  consistent  with  itself.  Third- 
ly^ the  fire  of  the  heavens  is  thus  understood  to 
burn  on  the  same  principles  as  the  fires  of  the  earthy 
with  a  constant  supply  of  elementary  matter. 
And,  lastly,  there  is  this  further  advantage,  the 
greatest  indeed  of  all,  the  operation  of  a  double 
perpetual  motion  in  the  system,  the  first  and 
greatest  of  all  secondary  causes,  accommodated  in 
every  respeft  to  account  for  the  revolutions  of  the 
heavenly  bodies,  which  no  other  hypothesis  ever 
did  or  ever  could  be  able  to  do  with  any  ap- 
pearance of  consistency  and  probability.    "  Hoc 
est  ergo  sol  in  jethere,  quod  in  animali  cor.*'  * 
"  The  heart  of  animals,"  said  Harvey,  "  is  the 
foundation  of  life,  the  chief  ruler  of  all  things 
in  the  animal  system,  the  sun  of  the  micro- 
cosm, from  which  flows  all  its  strength  and 
vigour." 

But,  let  us  ask,  as  the  followers  of  Newton 
believe  that  the  rays  of  the  sun  not  only  come 
to  us  but  extend  to  the  limits  of  the  solar 
system,  where  is  the  difficulty  in  believing  that 

L  4  they 
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they  renirn  to  the  source  Whence  they  haVe  is* 
sued  ?  Is  a  reflux  of  li^t  a  more  incomprehen* 
sible  operation,  than  a  flux  of  light  ?  Newton 
says,  '^  Light  consists  in  the  emission  of  the  par- 
ticles of  luminous  bodies.;  thus  the  sun  darts 
from  its  surface,  and  from  every  part  at  the  same 
time,  those  molecules  of  its  substance  which 
come  to  us  in  seven  or  eight  minutes."  And  in 
this  he  followed  Epicurus  and  Lucretius,  who 
supposed  light  to  be  an  emanation  from  lutninous 
bodies ;  as  odour  is  an  emanation  fe>m  odorous 
bodies.  Newton,  however,  followed  the  idea 
up  to  demonstration,  and  proved  it,  as  I  have  al- 
ready said,  from  the  seven  distinA  colours,  or 
corpuscles  of  different  densities  and  different  velo- 
cities, which  this  solar  matter  affords,  and  which, 
all  blended  together,  give  the  luminous  body 
We  call  lights 

■ 

As  you  have  above  seen,  however,  Newton's 
theory  has  by  many  great  men  been  looked  upon 
as  objedionable.  Some,  such  as  Euler,  would 
substitute  an  independent  elastic  fluid,  univer- 
sally compressed  and  agitated  by  the  sun :  others 
would  have  an  sether,  universally  diffused,  and 
rendered  luminous,  by  a  vibration  occasioned  by 
the  planetary  motion.  Neither  of  these  opi- 
nions, however,  agree  so  well  with  the  sim*^ 
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pie  pnopagation  of  light.  Lights  we  all  know> 
is  prqjefted  in  straight  lines ;  whereas^  an  elastic 
fluid,  pressed  upon,  or  another  stroogly  vibrat- 
ed, would  cause  an  undulatory  difiusion  of  the 
luminous  particles.  But,  it  is  said,  the  parts  of 
a  sonorous  body  are  not  diffused  in  the  sound 
which  is  carried  through  the  air,  and  why  should 
it  be  otherwise  with  a  luminous  body  ? 

To  this,  I  thinks  it  may  be  answered,  that 
sound  is  not  material,  as  its  vehicle  air  is ;  but 
that  light  is  material,  that  is,  a  substance.  Sound 
does  not  decrease  the  bulk  of  the  body  whence 
it  issues,  but  light,  when  joined  with  heat,  always 
does.  Moreover,  odour  is  supposed  to  consist 
of  odorous  particles  emitted  from  an  odorous 
body ;  and  why  may  not  light  be  supposed  to 
consist  of  luminous  particles  emitted  from  a  lu- 
minous body }  In  regard  to  fire,  indeed,  every 
philosopher,  smce  the  revival  of  science,  from 
Bacon,  Boyle  and  Des  Cartes,  to  Boerhaave, 
Stahl,  Lavoisier,  and  an  endles  list,  each  has  had 
a  clear,  but  a  different  opinion.  Some  will  have 
this  great  agent  of  all  our  phenomena  an  inte- 
gral substance,  the  same  as  light,  but  altogether 
unaccountable  from  being  invisible,  as  Well  as 
visible.  Others  will  deduce  it  from  the  rapid 
motion  of  a  certain  fluid  whicb^  theyliold,  the 
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universe  to  be  filled  with,  and  by  which,  without 
any  propagation  of  rays,  the  world  is  illumi* 
Jiated  at  once. 

This  wonderful  cause,  or  this  wonderful  cStSt, 
whichever  it  may  be,  flies,  it  must  be  confessed, 
from  every  research.      The  most  violent  heat 
does  not  manifest  itself  by  any  luminous  appear- 
ance; nor,  in  some  instances,  does  the  most 
brilliant  lucidity  afTord  any  heat.  These  contra- 
distindions  would,  therefore,  seem  to  indicate 
two  contrary  elements,  or  at  least  distin6i:  modi- 
fications of  the  same  substance ;  and  might  fur- 
ther lead  one  to  believe,  that  the  adion  of  light, 
to  cause  heat,  is  determined  by  the  integrity  of 
that  light.    Fire  is  in  every  substance  in  nature, 
light  is  not  so.    Fire  proceeds  in  every  direftion, 
light  always  in  straight  lines.     The  principle  of 
heat  in  animals,  in  vegetables,  in  fluids,  and  even 
in  solids,  is  in  action  without  being  visible ;  but, 
phosphoric  bodies,  which  are  to  be  met  with  in 
mineral,  as  well  as  in  animal  and  vegetable  sub- 
stances, are  luminous  and  visible,  and  yet  yield 
no  heat.    This,  however,  does  not  go  to  proVte 
that  heat  is  not  joined  with  light  in  the  solar 
emissions,  any  more,  than  because  these  emis- 
sions scarcely  affe<9:  a  diaphanous  body,  they  are 
also  incapable  of  afieding  an  opaque  one,  in 

which 
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which  they  fix,  and  which  they  consequently 
heat.  Does  not  the  burning  mirror,  by  concen-i 
trating  the  solar  rays  into  one  focus,  give  an 
astonishing  degree  of  heat  ?  And  as  that  heat 
burns  intensely,  can  it  be  called  any  thing  but 
fire? 

But,  where  is  the  sound  philosophy,  (I  hope  I 
may  be  pardoned  the  question)  of  reducing 
every  thing  to  one,  and  one  only  cause  ?  There 
are  luminous  bodies  without  heat ;  there  are 
heated  bodies  without  lucidity.  Is  it  not,  there- 
fore, allowed  us  to  believe,  that  heat  and  light 
may  be  blended  in  the  solar  ray,  as  fragrance 
and  colour  are  in  the  rose  ?  Light,  heat,  and  - 
flame,  may  be  modifications,  but  they  do  not 
alter  the  nature  of  a  first  substance.  Whether 
motion  be  the  cause  of  fire,  or  fire  the  cause  of 
motion,  the  phenomena  rest  still  the  same.  If 
the  sun  do  not  give  us  immediate  heat  from  its 
own  substance,  it  is  the  cause  of  giving  us  im- 
mediate heat  from  some  other  substance.  A  po- 
sitive emission  of  particles,  or  a  positive  adion 
on  an  universal  medium,  comes  to  one  and  the 
same  point.  Our  bleak  north  east  winds,  which, 
in  their  violence  are  refledted  so  as  to  cause  pow- 
erful collisions,  never  generate  beat.  But,  the 
8un  we  feel  to  be  the  source  of  heat,  the  nearer 
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we  advance^  or  the  more  we  recede  from  the 
equator^  and  this  in  the  ratio  of  the  refledion 
of  its  rays« 

The  phaenomena  of  lig^t  and  of  heat,  how* 
ever,  may  be  distinfb  from  the  phxnomenon  of 
terrestrial  burning.  The  element  of  fire,  we 
know,  is  every  where :  it  is  in  the  earth  we  tread 
upon ;  it  is  in  the  air  we  breathe ;  it  is  in  the 
aliments  that  nourish  us  ;  no  part  of  nature  is 
without  it.  But,  it  has  long  been  asoertamed, 
that  combustion  will  not  take  place  unless  it  be 
nourished  by  air ;  that  a  given  quantity  of  air^ 
in  which  a  body  is  left  to  burn,  will  admit  of 
combustion  no  longer  than  it  is  able  to  feed  it 
with  a  portion  of  itself.  Thus,  in  the  beginnmg 
a  body  supplied  with  a  certain  quantity  of  air, 
bums  with  Tioknce ;  but,  no  sooner  is  the  sur- 
rounding air  decomposed  or  vitiated,  than  the 
fire  is  extinguished,  and  combustion  is  at  an 
end.  On  examination,  the  volume  of  this  air  is 
found  diminished,  and  its  nature  so  entirely 
changed,  as  to  have  become  a  totally  different 
fluid.  The  vital,  or  dephlogisticated  parts  of  it, 
and  which  alone  administer  to  combustion,  are 
found  expended  :  and  hence  that  dodrine,  that 
burning  is  caused  by  the  faculty  which  some 
substances  hkve  to  decompose  vital  air^  from  the 
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general  mass  of  the  atmosphere ;  and  that  heat, 
flame,  and  light,  are  proportioned  to  the  rapidu 
ty  of  this  decomposition — ^for  that  slow  decom* 
positions  scarcely  give  light  or  heat. 

So  far  as  these  principles  regard  common 
combustion,  they  may  be  allowed  to  militate 
against  the  phlogistic  hypothesis  of  StahL  But, 
what  are  the  properties  these  certain  substances 
possess,  which  enable  them  to  decompose  this 
vital  air  f  Are  they  such,  as  that  it  would  be  im* 
proper  to  reduce  them  into  one,  and  call  them 
all  by  the  name  of  the  inflammable  principle,  or 
the  principle  of  fire  sui  generis  ?  Can  vital  air, 
without  the  agency  of  these  properties,  cause 
heat,  light,  or  combusticm  ?  In  the  innermost  re* 
cesses  of  nature,  in  her  coldest,  and  in  her  darkest 
abodes,  there  is,  we  know,  a  penetrating,  subtile ' 
fluid,  which  causes  animatioii,  vegetation,  flui- 
dity, evi^ration,  and,  in  a  word,  all  the  pheno- 
mena of  this  our  little  globe.  Is  this  a  distindb 
subsl^ce  ?  Is  this  a  matter  different  from  vital 
air  ?  Vital  air  does  not  operate  to  the  expansion  of 
meqds ;  nor  does  the  absence  of  vital  air  to  their 
QoacnBtion.  Vital  air  does  not  give  fluidity  to  ice, 
nor  does  the  absence  of  vital  air  give  congela- 
tion to  fluidity.  What  crime  in  physics,  there- 
fore, to  admit  of  an  ekn^ntary  principle  of  fire  ? 
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From  the  earliest  periods  of  time,  the  wisest 
men  have  allowed  it.  What  crime  also,  to  ad- 
mit that  the  sun  darts  out  light  and  heat  to  the 
limits  of  its  appropriate  system  ?  The  wisest 
men  have  also  allowed  of  such  emanations. 

The  fire  which  burns,  is  apparently  nothing 
but  a  certain  matter  put  in  motion :  but,  all 
substances  are  not  capable  of  causing  the  mo* 
tion,  of  receiving,  or  even  of  nourishing  it.  This 
matter,  however,  evidently  exists,  and  is  what 
Stahl  called  phlogiston.  Nature  appears  to 
afford  an  igneous,  or  inflammable  fixed  air,  aa 
well  as  a  mephitic,  or  aerial  fixed  acid.  Vital 
air,  or  asSchecle  calls  it,  the  air  of  fire,  is  demon- 
stratively necessary  on  the  surface  of  the  globe^ 
for  inflammation.  But,  are  the  brilliant  expe-* 
riments  of  modern  chymists  relative  to  this  vital 
air,  (they  will  pardon  my  pyrrhonism)  radically 
to  extinguish  the  no  less  brilliant  experiments  of 
former  chymists  on  phlogiston  ?  An  inflamnia*' 
ble  principle  has  been  as  ably  supported  as  a  prin- 
ciple of  vital  ^ir.  The  inflammable  principle 
exists  in  animal  and  in  vegetable  substances^  in 
solids,  in  liquids,  and  in  aeriform  fluids.  It  passes 
from  one  to  the  other,  as  a  common  or  univer- 
sal principle  ;  it  is  the  cause  of  various  combi* 
nations ;  it  causes  fermentations,  effervescences, 
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-and  putrefaftions ;  it  causes  transudations,  eva- 
po'ra(ions,  exhalations,  &c.  Common  terrestrial 
lights,  i  know,  instantly  die  away,  and  disappear 
in  a  vacuum^^  a  proof,  no  doubt,  of  the  essen- 
tial agency  of  vital  air  in  terrestrial  combus* 
tion.  But  the  solar  rays,  in  all  the  energy  and 
strength  of  fire,  dart  through  this  very  vacuum, 
and,  in  the  absence  of  all  air,  give  combustion. 
Is  not  the  solar  light  then  a  matter  different 
from  the  common  terrestrial  light  ?  In  this  expe- 
riment of  the  vacuum,  there  is  no  need  of  the 
afflux  of  vital  air,  disengaged  from  the  atmo- 
spheric air.  The  solar  rays  here  appear  to  ad:  in- 
tegrally, and  to  have  a  decided  efiefk  indepen- 
dent of  vital  air ;  whereas,  vital  air  is  incapable 
of  any  decided  inflammable  efied  without  the 
solar  influence,  or  without  the  aid  of  some  phlo* 

gistic  process. 

« 

The  principle  of  fire,  which  is  the  cause  of 
existence,  is  different  from  that  of  beat,  which  is 
the  effedt.  Without  the  agency  of  the  element 
of  fire,  there  would  be  neither  solidity,  fluidity, 
elasticity,  nor  motion.  Matter  would  be  a  shape- 
less mass,  without  energy  or' force.  Light  and  - 
heat  are  not  distindt  properties,  they  are  merely 
efredts.  But,  the  element  of  fire  is  the  first  great 
link  in  the  wonderful  chain  of  nature.    It  is  not 

only 
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only  the  cause  of  expansion  and  volatility^  but 
it  is  likewise  the  cause  of  cohesion  and  of  fixity. 
It  is  that  which  gives  to  minerals  their  solidity 
and  brilliancy ;  to  calcareous  substances  their 
consistency ;  and  to  organized  beings  their  tex- 
ture and  vitality,  '  The  principle  of  fire  indeed^ 
the  pure  phlogiston,  has  been  confounded  with 
its  modification,  inflammable  air.  But  the  one 
is  elementary,  and  invariable  in  its  adion ;  the 
other  is  a  compound,  and  is  various  in  its 
combinations.  Heat  has  also  been  denominated 
a  substance ;  but  heat  is  only  a  quality,  occa* 
sioned  by  an  aiigmentation  of  volume,  and  a  di* 
minution  of  solidity.  Its  mobility,  its  incon-r 
stancy,  the  impossibility  of  fixing  it,  all  prove 
this.  Were  heat  a  substance,  and  not  the  effeSt 
of  ^  substance,  how  inconsiderable  soever  its 
density,  it  would  in  some  measure  augment  the 
weight  of  bodies,  and  that  in  the  ratio  of  its  in- 
tensity. But  the  weight  of  a  body  is  the  same, 
whether  heated  or  not  heated.  Neither  heat  nor 
light  have  any  sensible  weight.  And  yet,  how 
slow  is  the  developement  of  heat,  to  the  asto- 
nishing rapidity  of  light !  These  two  effedts  of 
fire,  therefore,  differ  as  intrinsically  from  each 
other,  as  they  differ  intrinsically  from  their  ps^- 
rent  element. 
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-  And  here,  I  think^  we  may  come  to  a  con* 
elusion.  An  emission  and  a  circulation  of  solar 
particles  are  to  me  as  satisfactory  data  to  go 
upon,  as  an  emission  of  odorous  effluvia  from  a 
flower,  or  the  circulation  of  the  fluids  of  an 
animal,  or  of  a  vegetable.  The  rays  of  the  sun, 
I  consequently  must  hold  to  be'material,  and  to 
be  of  the  element  of  fire.  Of  what  infinite  im* 
portance  do.  the  presence  of  light  and  of  heat 
appear  to  be  to  existence  and  to  vegetation  !  In 
light  and  in  heat  we  may  see  the  principles  of 
life,  as  in  darkness  and  in  cold  we  may  see  the 
principles  of  death.  From  fire,  besides  our  own 
animation,  we  can  trace  the  taste,  the  colour, 
and  the  perfume  of  the  whole  vegetable  world. 
In  pure  phlogiston,  wexan  trace  the  principles 
of  existence,  the  soul  of  motion,  the  very  ner- 
vous fluid,  perhaps,  which  gives  sensibility  to 
man.  In  a  word,  from  the  orb  of  the  sun  I 
cannot  but  conceive  light  to  be  projected ;  and 
that  heat  is  occasioned  by  collision  or  motion,  and 
is  fire  only  dilated  by  some  specific  cause  :  for 
there  is  a  most  striking  analogy  between  bodies 
at  rest  in  mechanics,  and  bodies  that  are  cold 
in  chymistry;  rest  being  but  a  privation  of 
motion,  and  cold  being  but  a  privation  of  heat. 
At  the  same  time,  I  will  not  deny,  that  in  the 
pfaa^nomena  of  terrestrial  combustion,  the  pre-^ 
'  voiu  I.  M  s^nce 
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senoe  and  agency  of  vital  air  may  be  essentially 
necessary.  Vit^  air^  I  know^  is  supposed  to 
be  the  base  of  all  acids^  and  has  consequent* 
ly  been  called  by  the  French  la  principe  oxygene* 
But  vital  air^  to  recur  to  an  example^  I  have 
never  found  to  abound  more  in  the  equatorial 
than  in  the  temperate  or  frigid  regions,  or  more 
in  the  summer  than  in  the  winter ;  and  yet^ 
why  should  there  be  in  the  neighbourhood  of 
the  line,  or  in  the  summer,  if  it  be  not  occa- 
sioned by  immediate  solar  influence,  such  un* 
equalled  heats,  and  such  unequalled  evapora* 
tion  ?  ^  Heat  and  light  then,  I  mean  such  as 
come  from  the  sun,  I  must  believe  to  be  indc-^ 
pendent  of  vital  air,  though  terrestrial  inflam- 
mation may  not.  I  may  be  wrong ;  but,  I 
have  always  looked  upon  the  sun  as  the  dispenser 
of  positive  heat,  as  well  as  of  positive  light  | 
and  I  am  not  yet  sufficiently  convinced  by  any 
new,  however  celebrated  theory,  to  relmqubh 
what  has  ever,  until  lately,  been  the  &vourite, 
and,  as  it  should  seem,  the  self  evident  opinion 
of  mankind* 

Nor  in  truth,  is  there  such  a  mighty  diffe- 
rence between  the  old  and  the  new  theories.  La* 
voisier  thinks  that  light,  heat,  and  all  the  odier 
remarkable  phsenomena  of  combustion,  depend 
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rather  on  a  certain  aftion  of  the  air,  than  oA 
the  peculiar  nature  of  combustible  bodies ;  that 
the  flame  which  then  arises,  is  occasioned  by 
the  disengagement  of  the  light  which  was  com- 
bined  with  the  pure  air,  not  of  that  which  ex- 
isted in  the  combustible  body.  To  pure  air  he 
ascrU>es  that  decomposition,  whi^h,  according 
to  Stahl  and  Macquer,  takes  place  in  the  inflam« 
Qoable  substance.  Pure  air,  he  considers  as  a 
compound  of  fire  and  another  principle ;  and 
fixed  fire,  the  disengagement  of  which  is  the 
principal  aft  on  such  iiccastons,  is,  in  bis  opi-* 
nion,  separated  from  the  pure  air,  n^  from  tha 
combustible  body.  Now  this  fire  or  heat,  which 
Lavoisier  allows  as  a  principle  of  pure  air,  and 
the  disengagement  of  which  be  takes  to  be  th« 
cause  of  the  sparkling  flame  and  vivid  heac 
which  accompany  the  rapid  combustion  pro- 
duced by  that  aJr,  aA  nearly  the  same  part  with 
Stahl's  phlogiston,  or  Macquer's  fixed  light; 
and  consequently,  as  they  all  seem  to  be  uni- 
versally agreed  concerning  the  existence  of  the 
prmciple,  the  only  diilerence  among  them  is, 
that  wie  party  believe  it  to  exist  in  combustible 
bodies,  and  to  be  the  cause  of  icflammability ; 
while  tbe  other  consider  it  as  a  principle  of  air, 
•nd  ascribe  inflammation  to  a  different  cause. 
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Besides  the  powerful  agenqr  of  the  solar 
rays,  you  will,  from  a  former  letter,  have  un- 
derstood,, that  various  philosophers  have  insisted 
6ot  only  upon  the  universal  agency  of  fire  on  the 
surface  of  the  earth,  but  have  maintained,  that 
there  is  the  strongest  reason  to  believe  the  ex- 
istence of  a  central  mass  of  internal  fire.  The 
do£brihe  taught  by  Burnet  and  others,  together 
with  the  objeftions  to  it,  you  have  had  already 
before  you.  Both  Des  Cartes,  however,  and  New- 
ton,  leaned  in  some  degree  to  the  same  opinion. 
They  both  adopted  the  idea  of  a  considerabk  in- 
ternal heat.  The  latter,  in  his  31st  question, 
thus  expresses  himself:  ^'  Si  consideremus  quam 
multum  sit  suiphuris  intra  terram,  et  quam  ca- 
lidas  sint  partes  interiores  terras  i  fontesque  fer- 
vidos  contemplamur,  montesque  ardentes,  me- 
phitesque  subter  terram  subitaneas  &  vapores 
inflammabiles ;  coruscationes  metallicas,  terrae 
motus,  exhalationes  asstuosas  &  suffocant;ps,  ven« 
torum  turbines,  immanesque  aquae  marinas  in 
ccelum  usquq  elatos  &  contortos  vortices ;  utique 
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intelligere  poterimus,  omnino  ita  comparatam 
esse  terram,  ut  in  visceribus  ejus  abundent  va- 
pores  sulphurosi,  qui  cum  mineralibus  fermen- 
tescere  debeant,  &  interdum  ignetn  concipere^ 
cum  subit&  corvrscatione  &  displosu ;  &  si  forte 
in  cavernis  subterraneis  ardt^  inclusi  contioean- 
tur^  vehementer  conquassare  terram,  &  cavemas 
gus  disrumpere^  quemadmodum  cuniculi  puU 
verc  tormentario  repleti  terram  suffossam  mir4 
cum  violentid  disjiciunt :  quod  cum  accidit,  turn 
vapores  explosione  ista  geneVatos^  per  occultos 
terrae  meatus  expirare,  a^tuosque  sentiri  &  suf- 
focantes  ;  procellasque,  turbines  &  tempestates 
dere,  efficereque  nonnunquam,  ut  terrae  tradus 
de  locis  suis  transportentur,  ebulliatque  mare, 
&  guttaym  subvehantur  in  coelum  aquae^  quse 
deinceps  acervatim  &  vorticoso  pondere  cor* 
ruunc^  quasi  e  nubibus  efiusx." 

That  there  are  prodigious  fires  kindled  in  the 
bowels,  of  the  earth,  may  readily  be  believed. 
At  the  same  time,  sound  reason  would  perhaps 
lead  us  to  conclude,  that  the  mass  is  not  in  con- 
tinual ignition,  but  that  it  becomes  accidentally 
generated.  The  materials  unquestionably  abound, 
but  the  cause  is  not  always  at  hand  which 
drives  them  into  adkion.  And  experiment,  it  is 
saidj  strongly  supports  the  conclusion ;  for  it  is 
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proved^  that  the  heat  of  the  earthy  in  certafai 
situations,  does  not  increase  as  we  descend  into 
it^butthatat  the  greatest  depths,  it  is  nearw 
ly  the  s^e  as  the  mean  annual  temperature* 
In  the  mine  of  Joachimstahad,  for  instance,  in 
Bohemia,  and  reputed  one  of  ihe  deepest  in  the 
world,  M.  Monnet  found  die  temperature  at  the 
depth  of  seventeen  hundred  feet  to  be  50  ^ . 

*^  The  surface  of  the  earth,"  says  Kirwan, 
*'  is  much  heated  during  summer ;  but  this 
heat  descends  very  slowly,  a  great  part  of  it 
being  communicated  to  the  air.  During  the 
winter,,  the  earth  gives  out  to  the  air  the  heat 
it  had  received  during  the  summer.  Thus,  con«^ 
sequently,  wet  summers  must  be  succeeded  by 
cold  winters.  In  all  this  we  see,"  continues  he, 
*^  nothing  like  the  operation  of  a  central  heat." 
The  fadt,  on  the  contrary,  proves,  that  at  a  cer- 
tain distance  from  the  surface,  namely,  about 
^80  or  90  feet,  the  temperature  of  the  earth  va- 
ries little,  and  generally  approaches  to  the  mean 
annual  heat.  And  thus  the  temperature  of 
springs  is  nearly  the  same  as  the  annual  tempera- 
ture, and  varies  very  little  in  the  different  pe- 
riods of  the  year.  The  greatest  cold,  if  it  lasts 
only  a  few  days,  even  when  below  o  of  Faren- 
heit  J  and  when  the  earth  even  is  not  covered  with 
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soow^  does  not  penetrate  above  twent3r  inches^ 
and  not  above  ten  inches  when  snow  lies  on  the 
swrface."    De  Saussure  likewise  observes,  ^^  that 
water  has  never  been  found  to  be  considerably, 
warmer  at  the  bottom  than  at  the  surface.    The 
greatest  difference  that  has  ben  observed,"  says  he, 
•*  has  been  four  degrees  of  Farenhcit's  thermo- 
meter.   In  latitude  55^  S.  according  to  Forster, 
the  surface  of  the  sea  was  30  degrees,  and  at  600 
feet>  it  was  only  34  degrees  of  the  same  thermo- 
meter/' The  contrary  indeed  has  been  remarked, 
when  the  heat  of  the  external  air  has  exceeded 
that  of  the  water.      The  bottom  then  has  been 
found  ccHisiderably  cooler  than  the  surface.  More* 
over,  in  addition  to  these  fads,  it  may  be  pre- 
sumed, that  the  heat  of  the  sun  does  not  pene- 
trate the  waters  of  the  ocean  to  a  greater  depth 
than  1 50  feet ;  or  the  surface  of  the  earth  more 
than  to  1 5  or  20  feet,  for  at  that  depth  ice  is 
preserved  during  the  warmest  summer. 

After  all,  however,  it  is  evident,  there  must 
be  a  heat^  a  principle  of  fire,  independent  of  the 
sun,  in  the  bowels  of  the  globe ;  for  otherwise 
men,  animals,  and  vegetables,  and  in  short,  all 
nature  would  languish  and  fall  into  annihilation, 
during  the  six  months  absence  of  the  solar  rays 
from  the  polar  world.    Yet,  we  see  there  that 
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existence  goes  on ;  that  new  generations  arise/ 
and  that  the  fire  of  life  circulates  in  the  polar 
as  well  as  in  the  torrid  regions.     Moreover,  it 
is    not    altogether    an  established    faft,    that 
the  warmth  of  the  earth  does  not  increase  the 
deeper  we  descend  into  it.     I  am  aware,  that 
both  what  is  agreed  on  one  side  and  on   the 
other,   may   have  been  the  result  of  acciden- 
tal,  and  not  of  permanently  physical  causes. 
No  positive  theory  can  be  established,  on  a  few 
solitary  experiments.    But,  in  the  mines  of  Ge- 
romagny  in  Alsace,  and  at  the  depth  of  600  feet, 
according  to  Mons.  de  Gensanne,  the  thermo- 
meter was  found  to  be  ten  degrees  above  the 
freezing  point,  and  out  of  the  mines,  where  the 
solar  influence  could  alone  be  felt,  it  was  only  two 
degrees  above  the  freezing  point.      De  Mairan 
moreover  says,  that,  still  prosecuting  the  descent, 
they  found  that  the  mercury,  at  the  depth  of 
1350  feet,  had  risen  to  the  i8th  degree  above 
the  freezing  point ;  the  heat,  as  it  were,  increas- 
ing in  proportion  as  they  penetrated  into  the 
earth.     But,  in  truth,  if  heat  did  not  exist  in 
the  bowels  of  the  earth,  how  should  we  have 
volcanos  at  the  bottom  of  the  ocean  ?  How  is  it, 
that  the  sea  at  those  profound  depths,  where  the 
solar  rays  have  no  influence,   does  not  congeal 
and  form  one  body  of  ice  ?     How  is  it  that  in 
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the  coldest  region,  the  surface  only  is  congealed^ 
and  that  to  an  inconsiderable  depth,  in  compa- 
rison to  the  mass  of  the  waters  ?  Whence  come 
those  tepid  springs,  which  flow  at  Spiczbergen, 
in  the  80th  degree  of  latitude ;  and  those  tnag- 
nificent  jets  d'eaux,  which,  from  internal  fires, 
receive  their  surprising  impulse  in  Iceland  ?  All 
these  fa£b  manifest  the  general  dissemination 
of  the  principle  of  fire ;  and  though  they  do  not 
entirely  go  to  the  central  fire  of  the  philoso- 
phers, they  yet  establish  a  heat  independent  of 
solar  influence,  or  of  any  planetary  motion. 

And  this  fire,  we  may  be  allowed  to  call  con- 
centrated or  fixed,  or  phlogiston ;  for  why  should 
we  not  have  fixed  fire  and  fluid  fire,  as  well  as 
fixed  air  and  fluid  air,  fixed  water  ahd  fluid 
water  ?  "  Thus,"  remarks  Franklin,  "  I  have 
been  always  inclined  to  think  that  the  fluid  fire, 
as  well  as  the  fluid  air,  in  the  instance  of  plants, 
is  attrafted  in  their  growth,  and  becomes  conso- 
lidated with  the  other  materials  of  which  they 
are  formed,  and  makes  a  great  part  of  their  sub- 
stance ;  that  when  they  come  to  be  digested, 
and  sufier  in  the  vessels  a  kind  of  fermentation, 
part  of  the  fire,  as  well  as  part  of  the  air,  re- 
covers its  fluid  adive  state,  and  difiuses  itself 
in  the  body,  digesting  and  separating  it ;  that 
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the  fire^  so  reproduced  by  digestion  and  scpara* 
tion^  CQDtioually  leaving  the  body^  its  place  is 
supplied  by  fresh  quantities  arising  from  the  con- 
tinual separation;  that  ^whatever  quickens  the 
motion  of  the  blood  in  an  animal^  quickens  the 
separation^  and  reproduces  more  of  the  fire^  as 
exercise ;  that  all  the  fire  emitted  by  wood  and 
other  combustibles  when  burning,  existed  in 
them  before  in  a  solid  states  being  only  discovered 
when  separating ;  that  some  fossils,  as  sulphur, 
sea*coals,  &c.  contain  a  great  deal  of  solid  fire, 
and  that,  in  short,  what  escapes  and  is  dissipated 
in  the  burning  of  bodies,  besides  water  and  earth, 
is  generally  the  air  and  fire  that  before  made 
parts  of  the  solid;  and  this  theory  has  been 
taught  by  all  chy  mists.    "  Indeed,''  as  Dr.  Black 
observes,   "  if  we  can  believe  our  senses,  we 
must  suppose  that  heat  and  light  proceed  from 
the  evolution  of  phlogiston.'' 

Again,  look  at  the  properties  and  operations 
of  eledricity.  Electric  fire  ads  upon  bodies, 
in  the  same  manner  that  common  fire  does  ;  it 
sets  fire  to  combustible  bodies,  dissolves  iron, 
and  calcines  it ;  it  increases  the  bulk  of  alkaline 
air,  and  makes  it  inflammable.  All  these  effeds 
are  peculiar  to  fire ;  but  they  are  much  stronger 
than  those  of  any  fire  which  art  can  produce^ 

Eledric 


IfiTTBR  XV.  l^f 

Ekdric  fire^  in  passing  throu^  a  bar  of  iron^ 
will  melt  it^  though  its  passage  is  so  wcmderfullj 
quick,  as  to  be  performed  in  an  instant  of  time 
too  short  to  be  measured.  Now^  we  are  certain, 
its  power  to  melt  the  iron  at  once,  must  be 
from  its  fire ;  and  no  fire  that  we  can  produce^ 
will  have  the  same  effedt  upon  the  iron,  till  after 
a  very  tedious  operation.  Heat  only  melts  me- 
tals ;  the  eleAric  fire  dissolves  them  by  only  one 
discharge  of  the  battery.  What  is  this  ?  Is  it 
fire — caloric — ^phlogiston— or  what  Priestley 
sometimes  calls  the  principle  of  alkalinity,  and 
sometimes  the  principle  of  acidity  ?  It  is  imma*- 
terial  to  say  which.  Alkaline  sahs,  oils,  acids, 
and  other  phlogistic  bodies,  when  decompound^- 
ed,  give  out  oonsiderable  quantities  of  fixed  fire^ 
Acids,  as  I  have  already  remarked,  are  the  sub* 
stances  best  fitted  to  concentrate  it ;  in  like 
manner,  as  the  vegetable  acid,  or  fixed  air,  water 
and  earth,  are  employed  in  wood,  bitumens,  &cc, 
and  the  mineral  acids,  in  sulphur,  nitre,  &a 
AIL  bodies,  which  contain  a  great  proportion  of 
fixed  fire,  are  formed  of  acids,  water,  and  earth  : 
and  hence,  the  reiason  why  both  pblogisticated 
and  dephlogisticated  airs  contain  aa  acid.^ 
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From  the  whole  then  that  we  have  thus  col« 
\c&td  of  the  researches  of  men  into  the  princi- 
ples of  the  element  of  fire,  we  may  fairly  look 
upon  natural  bodies,  *  as  floating  in  an  ocean  of 
what  the  poet  properly  terms  cfr^^w  ^?vf ,  in- 
defatigabU  fire ;  and  that  the  bodies  sustained 
in  it,  are  hard  and  soft^  fluid  or  solid,  lax  or 
firm,  rare  or  dense,  expanded  or  contra&ed,  ac-* 
cording  to  those  changes  in  the  temperature  of 
this  element  which  keep  up  a  constant  systok 
and  diastole  through  the  whole  frame  of  nature* 
And  hence  we  may  see  the  reason  why  La£ban- 
tius,  among  other  arguments  to  shew  the  su- 
periority of  man  in  the  creation,  and  the  im- 
mortality of  his  nature,  says,  ^^  That  of  all  the 
creatures  known  to  us,  man  is  the  only  one, 
who  has  the  use  and  command  of  the  element 
of  fire.  With  that  heavenly  substance  he  is 
made  familiar,  without  which  there  is  neither 
light  nor  life;  while  the  most  powerful  and  fero- 
cious beasts  are  alarmed  by  it,  and  fly  from  it. 
To  man,*'  says  he,  "  is  thus  entrusted  a  power, 
the  most  similar  to  the  power  of  God  himself, 
who  has  the  direftion  of  all  the  elements.  How 
dreadful  had  it  been,  had  the  brute  creation  been 
gifted  with  the  same  glorious  privilege !    If 
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there  had  been  the  use  of  fire,  where  there  i$  not 
the  use  of  reason  !  When  the  ancient  philosophers 
contemplated  this  wonderful  privilege  of  man^ 
his  enjoying  the  use  and  the  dominion  of  the 
element  of  fire,  that  Uavjsx/^  'arv^^  ciKxQ^ 
the  brigbinas  of  firey  the  universal  artificer !  as 
Eschylus  expresses  it,  the  likeness  of  God  him- 
self!  they  persuaded  themselves,  as  it  was  a 
privilege  too  great  for  him  in  the  beginningt 
that  it  must  have  been  originally  stolen  from 
heaven ;  and  that  this  very  theft  was  the  crime 
which  brought  all  manner  of  evil  upon  the 
world ! 
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Next,  if  not  equal  in  rank  to  fire,  eomtfS 
the  dement  of  .a/r ;  an  ekmcot  of  which  avaikc 
cannot  deprive  us,  and  which  power  cannot 
monopolize.  *  The  treasures  of  the  earth,  the 
verdure  of  the  fields,  and  even  the  refreshmenl 
of  the  stream,  are  too  often  seen  almost  entifdy 
appropriated  to  the  luxuries  of  the  great ;  while 
the  less  fortunate  part  of  mankind  stand  hum- 
ble speftators  of  their  encroachments.  But  the 
air,  no  limitation  can  bound,  nor  any  land- 
marks restrain.  In  this  benign  element,  all 
mankind  have  to  boast  of  an  equal  possession ; 
and  for  this  we  have  all  equal  obligations  to 
heaven.  While  we  live,  we  consume  a  part  of 
this  element  for  our  sustenance  ;  and  when  we 
die,  our  perishing  bodies  render  back  the  sup- 
ply, which,  during  life,  we  had  accumulated 
from  the  general  mass. 

Air,  in  philosophy,  is  a  light,  fluid,  trans- 
piarent  substance,  surrounding  the  earth  to  a 
very  considerable  height.  The  word  in  Greek 
is  ari^.    The  ancients  understood  the  nature  of 
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this  element.  *  They  looked  upon  it  as  a  ge* 
neral  menstruum  containing  the  volatile  parts  of 
all  the  bodies  and  substances  in  nature ;  which 
being  combined  and  differently  agitated^  pro* 
duced  that  variety  of  fermentations,  meteors^ 
tempests,  and  other  effedts,  which  daily  fall  un- 
der our  observation.  They  knew  also  its  weighty 
although  they  haVe  not  transmitted  u^  any  experi* 
ments  on  that  head .  The  air  is  generally  esteem** 
ed  ^fiuidy  though  it  differs  from  the  general  na« 
ture  of  fluids,  ki  these  particulars :  1 .  In  being 
compressible,  a  property  unknown  to  any  other 
fluid.  2.  In  being  uncongealable,  or  incapable  of 
being  fixed  by  any  known  method,  as  all  other 
fluids  may  ^  3.  In  being  of  a  different  density  in 
every  part,  decreasing  from  the  earth's  surface 
upwards ;  whereas  other  fluids  are  of  an  uniform 
density  throughout.  The  air  is  therefore  a  fluid 
sui  generis  J  if  it  be  properly  any  fluid  at  all.  In 
the  heathen  mythology,  it  was  worshipped  by 
some  sedaries,  under  th6  names  of  Jupiter  and 
Juno ;  the  former  representing  the  superior  and 
finer  part  of  the  atmosphere,  and  the  latter  the 
inferbr  and  grosser  part.  Of  the  internal  struc** 
ture,  however^  of  this  element,  it  is  more  than 
probable  we  shall  never  attain  the  knowledge. 
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It  is  too  subtile^  too  tenuous  a  substance  to  be 
perceptible  to  us  with  all  the  advantages  of  the 
finest  glasses.  But  its  properties  are  wcU  ascer- 
tained ;  and  the  most  essential  are  fluidity^  gra- 
vity^ and  elasticity. 

From  the  researches  made  into  the  nature  of 
this  imperceptible,  but  most  powerful  agent,  it 
has  appeared,  not  only  that  it  is  a  constituent 
ingredient  in  animal  and  vegetable  life,  but  that 
it  is  essentially  requisite  in  every  stage  of  both 
one  and  the  other.     Nay  more,  besides  animal 
and  vegetable  life,  it  has  been  found,  that  it  is  no 
less  indispensably  necessary  to  the  existence  of 
sound,  of  fire,  and  of  explosion.     For  example, 
as  in  an  exhausted  receiver  an  animal  cannot 
live,  so  neither  can  a  bell  be  heard,,  an  inflamma* 
ble  body  be  kept  burning,  nor  gun-powder  be 
exploded^  though  made  to  fall  on  iron  which 
shall  be  red  hot.     And  in  proof,  with  regard 
to  the  first  of  these  instances ;  if  the  air  be  ex* 
tradted  that  is  in  the  body  of  an  animal,  the  ani* 
raal  is  squeezed  flat  by  the  pressure  of  the  ex- 
ternal air,  and  expires  in  an  instant.     On  the 
other  hand,  if ,  the  circumambient  air  be  ex- 
hausted, the  internal  air  dilates  itself  to  such  a 
degree,  that  the  animal  will  swell  till  it  bursts. 
The  weight  of  the  air  is  equal  to  thirty-two  feet  of 
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water^  each  cubic  foot  weighing  about  seventy 
pounds ;  so  that  a  column  of  air^  a  foot  id  dia* 
meter^  weighs  about  22^000  pounds  weight. 
Yet,  as  it  a£ts  with  equal  force  on  either  side, 
neither  animal  nor  plant  is  injured  by  it.  Thus, 
place  a  flat  surfaced  bottle  empty  on  its  side, 
and  the  elasticity  of  the  air  within  it  will  pre- 
vent the  weight  of  the  atmosphere  from  breaks 
ing  it:  exhaust,  however,  the  air«  and  the 
force  of  the  external  air  on  its  surface  will 
make  it  fly  into  a  thousand  pieces. 

This  elasticity  of  air  arises  from  the  particles 
not  joining  so  intimately  as  the  particles  of  other 
fluids.  A  particle  of  fire  being  repulsive,  forms 
a  center  to  every  certain  number  of  particles  of 
air,  and  so  keeps  them  in  a  state  of  separation. 
And  hence  too  the  reason  why  air  can  be  so 
greatly  compressed.  In  regard  to  weight,  the 
power  of  gravity  in  air  is  very  considerable^ 
though  not  equal  to  its  elasticity,  or  to  its  repul- 
sive force.  Were  the  power  of  gravity  to  be  for 
a  moment  suspended  from  matter,  and  the  power 
of  elasticity  to  remain,  the  atmosphere  would  in- 
stantly be  dissipated  through  the  regions  of 
spape.  ^    The  particles  of  air  at  the  highest 
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devatiohi  ir6  tht  kast  affefted  by  the  power  tif 
gravitjTi  Are  the  least  he&vy,  and  are  those  which 
dre  kept  at  the^reatest  distance  from  e^h  other. 
Close  to  the  surface  of  the  earth,  the  reverse  is 
the  ease,  and  theiiice  density  and  rarity.  The 
weight  and  the  elastic  f<!>rce  being  always  equals 
an  universal  equilibrium  is  always  pteserved  ill 
th#  ftttnosphere. 

The  agency  of  the  air  is  tvonderfbl.  *  It  it 
in  the  first  instance  the  vehitk  of  all  kiixls  of 
odours,  by  the  transportation  of  which  we  are 
acquainted  with  the  good  or  with  the  bad 
qualities  of  food,  and  of  innumerable  odber 
"diings.  It  is  equally  faithful  and  dKligeait  in 
conveying  to  u^  knowledge,  riiroiigh  die  miois** 
tration  of  sounds,  at  the  rate  of  1 142  fbet  per 
second,  whidi  may  be  looked  upon  as  so  many 
Couriers,  who  run  backwards  and  forwards  t^ 
bring  us  news  of  transa^Hons  which  occur  at  a 
ebnsiderable  distance^  It  is  likewise  the  chaiw 
ttd  of  light,  which  is  not  one  cf  its  least  phano- 
xtiena ;  a  substance  possessing  a  sui&ce  sufficieiR 
t6  refled  the  light,  and  yet  not  dense  enod^  to 
"be  bbvious  to  sight.  And  happy  for  ua  it  is  10$ 
for  had  we  but  a  glimpse  <^  the  air,  we  shMiM 

Mver 
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ncTer  have  any  distinA  view  of  any  other  ob- 
jeft.  It  would  indeed  be  a  misfortune  to  us  of 
the  most  serious  kind.  The  exhalations  of  the 
earth  would  then  be  discovered;  the  least 
soooke  would  disfigure  the  rich  landscape  of  the 
universe ;  we  should  discern  all  those  gross  hu-^ 
mours,  which  an  incessant  perspiration  drives 
from  the  bodies  of  all  animals ;  and  all  the  filth 
that  arises  from  vile  receptacles.  Life^  in  shorty 
would  be  disagreeable  and  irksome  :  we  should 
be  miserable,and  should  fly  from  the  annoyances 
which  would  be  the  unavoidable  result  of  such 
a  faculty. 

But  if  our  obligations  to  the  great  Author  of 
idl^  for  the  advantages  we  particularly  derive 
from  the  element  of  air,  are  thus  great,  what 
should  not  our  gratitude  to  him  be,  when  we 
further  contemplate  its  vivifying  energy  through 
the  other  parts  of  the  creation  ?  The  universe 
abounds  with  an  infinite  variety  of  living  crea<> 
cures.  Some  are  iidiabitants  of  the  air,  others 
range  round  the  fields,  or  crawl  upon  the  ground. 
Thousands  reside  in  the  utmost  recesses  of  the 
diickest  woods,  in  the  hearts  of  leaves,  and 
under  the  bark  of  trees ;  some  in  the  chinks  and 
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crevices  of  walls^  and  others  in  the  most  gloom f 
caverns.  The  very  bowels  of  the  earth  are  hol- 
lowed^ and  filled  with  inhabitants.  All  these 
animals,  how  different  soever  from  each  other, 
with  respedt  to  their  nature  and  way  of  life,  en- 
joy the  same  benefits  in  common.  They  all  of 
them  partake  and  breathe  the  same  fluid,  air. 

The  subjed  of  air,  which  we  are  thus  about  to 
consider,  like  that  of  every  other  branch  of  true 
philosophy,  though  known  to  the  ancients,  and 
in  some  degree  investigated  by  our  forefathers, 
by  Friar  Bacon  in  particular,  may  yet  very  fairly 
be  supposed  to  date  its  origin  from  the  be- 
ginning of  the  last  century.  Drebbel,  by  the 
invention  of  the  thermometer,  and  Toricelli,  by 
that  of  the  barometer,  undoubtedly  gave  it 
birth.  ♦  As  a  science,  it  must  be  confessed  to 
be  of  the  greatest  importance.  Our  verj'  men- 
tal powers  are  affeded,  by  it.  We  are  gay  or 
«ad,  according  as  the  heavens  are  cloudy  and 
serene.  Is  the  air  thick  and  disturbed,  we 
feel  a  sadness  at  the  heart,  which  vanishes  as 
soon  as  it  is  restored  to  its  wonted  serenity. 
And  hence  it  has  with  justice  been  remarked, 

that 
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that  the  improvements  that  atmospheric  air, 
and  the  other  permanently  elastic  fluids^  have 
received,  have  been  of  more  advantage  to  mad- 
kind,  and  have  reflected  more  honour  upon  the 
philosophers  who  have  made  them,  than  those 
6f  any  other  branch  of  natural  philosophy  what* 
soever. 
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As  the  part  most  familiar  to  us,  let  us  first  turn 
our  consideration  to  that  most  stupendous  body 
of  air,  the  atmosphere.  The  atmosphere  which 
every  where  surrounds  our  globe,  consists  of  a 
pellucid,  elastic,  and  apparently  homogeneous 
fluid,  which  we  denote  by  the  name  of  common^ 
or  atmospheric  air.  *  When  more  closely  ex- 
amined, it  is  found  to  contain,  besides  vapours, 
which  vary  wonderfully,  according  to  the  diver* 
sity  of  situations  and  winds,  three  fluids  mixed 
together,  and  widely  differing  in  their  nature* 
The  largest  part,  which  certainly  exceeds  the 
others  three  times  or  more  in  bulk,  is  neither 
fit  for  supporting  fire,  nor  for  respiration ;  it 
probably  derives  its  origin  from  the  vital  part, 
in  consequence  of  some  changes  not  yet  perfe&ly 
known,  perhaps  proceeding  from  the  addition 
or  subtra£kion  of  phlogiston,  and  may  therefore 
be  called  corrupted  air.  The  next  is  that  which  is 
called  depblogisticatedy  but  which  Bei^man,  with 
the  historian  of  the  French  Academy,  thinks 
should  be  distinguished  by  the  appellation  of 

vital^ 
*  Bergman. 


yiialy  aod  vhioh  differs  widely  from  tbe  preced- 
m$9  being  not  only  fit,  but  indispensably  Qeoes- 
s^  to  fire  and  respiration,  evQry  other  air  being 
mcpkitic.  The  third  is  the  aerial  acid  qx  dK^ 
stir,  which  fonn$  the  smallest  part  of  the  atmo- 
spberei  scarcely  even  amounting  to  one  sixr 
t^entbt  Nor  do^  the  vital,  indeed ,  ever 
fimount  to  AiIl  one-fourth  of  the  atmosphere* 

Doctor  Priestley,  to  whom  the  scicnw  of  air 
i$  much  indebted,  says,  ^^  The  air  of  the  atmo»> 
sphere  is  a  fluid,  consisting  pf  an  earth  and  a  spi<> 
rit  of  nitre,  which  has  weight,  but  is  elastic ; 
that  is,  that  it  is  compressible  and  dilatable :  that 
it  is  a  compound,  9,  dcphlo^sticated  air,  in  a 
^tate  of  deprivation  :  that  acid  air,  and  phlo* 
giston,  seem  to  be  the  only  essential  princir 
pies  of  common  air :  that  it  is  probable  also^ 
when  we  consider  the  prodigious  quantities  of 
inflammable  air,  produced  by  the  burning  of 
^nall  pieces  of  wood  and  pit-coal,  that  the 
volcanos,  with  which  there  are  evident  proofs 
that  almost  the  whole  surfiice  of  the  earth  has 
been  oversfX'ead,  may  have  been  the  origin  of  our 
atmosphere,  as  well  as  (according  to  the  ppinioo 
of  some)  of  all  solid  land :  and  that  the  seas, 
which  it  is  probable  to  suppose,  originally  cover- 
ed  the  earthy  imbibed  the  superfluous  phlogis* 

N  4  ton. 
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ton,  or  the  acid  vapour^  exhaled  from  the  $c^, 
might  have  united  with  it^  and  hence  the  atmo^ 
sphere.  ^*  But  however  thi$  may  be/'  says 
Priestley,  *^  the  air,  though  it  has  been  deno- 
minated a  simple  elementary  substance ^  indestruc- 
tible and'  unalterable,  at  least  as  much  so  as 
water  is  supposed  to  be,  is  yet  far  from  being 
an  unalterable  thing ;  for  the  phlogiston,  with 
which  it  becomes  loaded  from  bodies  burning, 
and  animals  breathing  in  it,  so  far  alters  and  de- 
praves it,  as  often  to  render  it  altogether  unfit 
for  the  purposes  to  which  it  is  subservient." 

The  atmosphere,  in  short,  in  the  words  of 
a  learned  prelate,  *  may  be  looked  upon  not 
only  as  the  general  receptacle  of  the  aqueous 
vapours  of  the  sea  and  rivers,  but  likewise  of  all 
mineral  exhalations ;  of  the  streams  which  are 
constantly  arising  from  the  perspiration  of  what- 
ever enjoys  animal  or  vegetable  life,  and  from 
the  instantaneous  putrescency  of  those  substances 
when  deprived  of  life ;  of  the  smaller  seeds  of 
terrestrial  and  aquatic  plants ;  of  the  eggs  of  an 
infinity  of  species  of  imperceptible  animalcules ; 
of  the  acids  and  oils  separated  by  combustion 
from  all  sorts  of  fuel ;  of  the  matter  of  light ; 
of  ele^ric  cffluvias ;  and  of  a  variety  of  other 

substances,' 
*  Bishop  Watson. 
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^ubstances^  which  are  elevated^  and  for  a  ttnis 
kept  suspended  by  natural  and  accidental  causes* 
And  from  these  sources  are  derived  those  various 
impurities^  which  have  been  discovered  in  all 
atmospherical  water. 

Such  then  we  may  suppose  to  be  the  con^tuent* 
parts  of  the  atmosphere.  But^  a  question  na-- 
turally  occurs — 1%  the  whole  of  the  immense 
fluid,  which  thus  surrounds  us,  of  the  same  ma* 
cerials,  or  do  the  strata  differ  ?  And  supposing 
them  to  have  distindt  propjerdes — ^To  what  height 
may  we  conceive  the  atmosphere  to  extend  f 
Here,  indeed,  are  points  which  have  much  en*' 
gaged  the  attention  of  philosophers.  ^'  The  first 
stratum,'^  (for  we  must  admit  of  strata,  says 
the  celebrated  French  naturalist  *)  of  the  at« 
mosphere  is  filled  with  vapours  exhaled  from 
the  surface  of  the  globe,  both  by  its  own 
heat,  and  by  that  of  the  sun.  This  extends  to 
the  height  of  tbq  clouds,  where  they  are  con« 
densed  and  suspended  in  the  form  of  clouds. 
Beyond  this  middle  region,  the  vapours  rise, 
but  cease  to  be  visible,  except  when  a  part  o£ 
the  cold  stratum  seems  to  be  pushed  back  to* 
wards  the  surface  of  the ;  earth,  and  when  the 
heat  escaping  from  the  earth,  beiiig  for  some* 

timt 
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time  extinguished  hf  the  mins^  the  vapourt  thca 
GoUeft  and  thicken  around  U9^  in  the  £Mrm  of 
mist  and  frost.  The  clouds  are  fixed  in  an 
ciquipoise^  which  they  cannot  surmount.  In 
summer  they  are  higher  than  in  winter,  and 
still  higher  in  warmer  climates.  In  regard  to 
the  height  of  the  atmosphere,  it  was  long  thought 
to  be  not  above  15  or  lo  leagues.  In  1676,  it 
was  in  different  countries  computed  by  different 
observations  of  a  large  meteor,  that  the  elevation 
of  the  meteor  was  at  least  fifteen  leagues.  But 
this  elevation  is  not  to  be  supposed  the  ultimate 
stratum  of  the  atmosphere.  A  fiunous  aur^s 
horeaUs  wa#  observed  in  1726,  and  calculated  to 
be  considerably  higher  than  this  meteor  from  th^ 
surface  of  the  earth ;  and  the  aurora  borealis, 
we  know,  is  generated  in  the  atmosphere.  But 
the  real  height  of  the  atmosphere  is  a  problem, 
that  never  can  be  resolved.  To  infinity  it  may 
extend  itself,  at  least  it  may  expand  till  the  at« 
mosphere  of  every  body  in  ea^  system,  and  of 
all  the  systems  in  the  universe  meet  with  each 
other,  and  mixing,  constitute  that  fine  ^tberial 
wudittm,  which  fills  the  abyss  of  space. 

Two  circumstances  incline  me  to  believe,** 
says  Jones,  *.  ^^  that  after  the  many  useful  and 

curious 
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,  Gurioiis  discoveries  which  have  been  made^  the 
atmosphere  is  yet  but  imperfedly  understood* 
The  one  is^  the  violent  force  of  the  wind  on  the. 
top  of  MinZy  above  the  regions  of  the  clouds, 
when  the  air^  by  the  barometer,  seems  to  have 
lost  one-third  part  of  its  density.  The  other  is» 
the  sounding  of  explosive  meteors  from  tho 
height  of  sixty  or  seventy  miles  and  upwards  in 
the  air.  In  this  region,  where,  by  calculation,  the 
air  is  much  rarer  than  the  best  vacuum  in 
an  air-pump,  combustible  matter  is  colkdted 
in  great  abundance,  which  must  be  derived  from 
the  earth,  as  the  pure  matter  of  the  heavens 
cannot  be  suj^sed  to  furnish  it  out  of  itself. 
In  this  region,  inflammable  matter  explodes  and 
bumf  with  a  vivid  light,  though  the  matter  of 
lightning  is  dissipated  in  a  vacuum,  and  what  is 
more  surprising,  sound  is  thence  transmitted  to 
the  earth  ;  which,  as  experiment  shews,  cannot 
be  communicated  without  the  intervention  of 
the  air  as  its  vehicle,  or  the  vibrations  of  some 
ccxmnuous  solid  body.  Do&or  Halley  gives 
an  account  of  a  meteor  seen  all  over  England, 
which,  by  a  calculation  sufficiently  accurate,  was* 
seventy  miles  high,  as  bright  as  the  sun ;  and 
the  explosion  of  it,  which  was  as  loud  as  a 
broadside  of  cannon,  was  heard  all  over  Devon* 
shire,  Cornwall,  and  the  neighbouring  pouti- 
i  ties. 
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dcs^  smd  shook  the  houses^  as  if  great  guns  had 
been  fired  near  at  hand. 

'  Here  then  we  have  it  ascertained  almost  to 
demonstration,  that  at  the  great  height  of  seventy 
miles,  the  atmosphere  possesses  properties  in 
every  respeft  correspondent  with  those  of  the 
a:ratum  floating  immediately  over  the  surface  of 
the  earth.  But  yet  the  indisputable  and  pro- 
gressive rarity  of  air  in  the  ratio  of  elevation, 
renders  this  matter  very  difficch  of  compre- 
hension. The  density  and  weight  of  air  are 
every  where  variable,  being  greatest  at  the  sur- 
face of  the  earth,  and  decreasing  gradually 
upwards;  therefore,  though  the  air  near  the 
earth  be  heavier  than  vapour  (.though  vapour 
be  visible),  yet  as  its  gravity  decreases,  it  will 
at  length  become  lighter  in  its  upper  parts; 
and,  in  one  panicular  region  between,  it  will  be 
equally  heavy  with  the  vapours  themselves; 
whence  it  must  follow,  that  the  vapours  wiR 
rise  from  the  surface  of  the  earth  to  this  part  of 
the  atmosphere ;  and  since  all  the  air  above  is 
lighter,  they  cannot  possibly  rise  higher.  Euffon, 
indeed,  makes  an  attempt  to  unravel  this  mys- 
tery, and  at  the  same  time  to  account  for  ex- 
plosions in  general  in  the  elevated  regions  (^  thc^ 
atoiosphere.  "  As  cold,'*  says  he,  "  condenses  as 

much 
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much  as  heat  rarefies  the  air,  and,  as  in  proportion 
to  the  elevation,  the  cold  increases,  docs  it  not 
follow^  that  the*  degrees  of  condensation  of  the 
air  correspond  to  the  degrees  of  cold  ?    Hence 
this  condensation  of  the  air  by  cold,  in  high 
regions  of  the  atmosphere,  should  compensate 
the  diminution  of  density  produced  by  a  decrease 
of  the  incumbent  weight ;  and  of  course  the  air 
should  be  equally  dense  on  the  cold  summits  of 
mountams  as  in  the  plains.    The  air,'*  contU 
nues  he,   '^  though  compressible,  appears  to  be 
equally  dense  at  all  heights ;  and  I  cannot  help 
believing,  that  the  atmosphere  extends  not  so 
high  as  has  been  supposed,  ^The  total  thickness 
of  it,  for  instance,  may  not  exceed  three  leagues, 
instead  of  from  fifteen  to  twenty,  as  has  been 
conjedtured.  The  winds  on  mountains  are  found 
as  strong  as  those  on  plains  ;  whereas,  on  the 
old  hypothesis,  they  should  be  otherwise.  Birds 
and  men  respire  as  freely  at  a  great  height  as  on 
the  surface ;  but  if  the  air  were  one-third  less 
dense,  this  respiration  should  not  only  be  injured 
but  stopped,  as  happens  to  animals  in  air-pumps, 
when  one-fourth,  or  one-third  of  the  air  con- 
tained in  the  receiver  is  exhausted." 

However  this  may  be,  and  you  will  recolledt 

what  De  Saussure  has  said  on  the  subjed,  the 

I  fluidity 
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fluulicy  of  this  heavy  elastic  body,  the  atmospher^^ 
is  such,  that  no  cold  can  destroy  it.  Its  natural 
state  seems  to  be  that  of  rest,  which  it  always 
endeavours  to  keep,  or  recover,  by  an  universal 
equilibrium  of  its  parts.  When,  therefore,  this 
natural  equilibrium  happens  by  any  means  to  be 
disturbed,  then  necessarily  follows  a  motion  of 
ail  the  circumjacent  air  towards  that  part,  to  re- 
store it ;  and  this  motion  of  the  air  is  what  we 
call  wind.  The  most  general  causes  of  wind 
are,  beatj  which  by  rarefying  the  air,  makes  it 
lighter  in  some  places  than  it  is  in  others ;  and 
coldy  which  by  condensing  it,  makes  it  heavier. 
The  true  cause  of  the  winds,  however,  is  not 
yet  thoroughly  ascertained.  As  distinguished 
at  present,  they  are  divided  into  three  grand 
classes,  i.  The  common,  inconstant,  or  variable 
winds.  2.  The  whirlwbds,  tempests,  and  hur- 
ricanes. And  3.  The  constant  or  stated  wind 
usually  oil  led  the  trade  wmd ;  and  in  some  parts 
of  the  worlds  the  monsoon. 

**  The  winds,"  says  Bufibn,  "  may  be  divided 
into  zones.  The  east  wind,  which  extends  25  or 
30  degrees  on  each  ^ide  the  equator,  exerts  its 
force  round  the  globe  within  the  torrid  zone.  The 
polar  wind  blows  with  equal  constancy  in  both 
the  frigid  zones.    The  winds  peculiar  to  the 

temperate 
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temperate  zones  may  be  considered  only  as  cur^ 
rents  of  &ir,  produced  by  the  combination  of  the 
two  principal  winds,  which  give  rise  to  all  those 
tiiat  come  from  the  eastern  points ;  and  the  west 
winds,  which  are  common  in  the  temperate  Eones 
both  in  the  Atlantic  and  Pacific  Oceans,  may  be 
Goiftsidered  as  refledions  from  the  continents  of 
Asia  and  America,  butderiving  their  origin  prin* 
cipaily  from  the  east  and  the  north  winds.** 

The  reasons  a^gned  for  the  equatorial  winds 
ane  these  :  as  the  earth  revolves  on  its  axis  from 
west  to  east,  the  middle  part  of  the  earth,  and 
consequently  its  atmosphere^  becomes  very 
m^Qch  heated  by  the  sun  ;  by  which  means  it 
becomes  more  rarefied  than  other  parts  remote 
from  the  equator  or  torrid  zooit ;  on  this  account 
it  becomes  also  lighter.  The  air,  therefore, 
from  the  p<4ar  parts  on  either  side  being  heavier, 
continuaUy  sets  in  towards  the  equator,  to  restore 
the  equilibrium  of  the  atmosphere,  which  con* 
gumly  alters  by  the  refradtion  of  the  sun.  Thus 
there  Would  be  a  motion  produced  in  the  atmo^ 
sphere  from  north  to  south  tow^nis  the  middle 
parts  of  the  eanh,  whidi  woukl  make  to  us  a 
constant  north  wind,  and  to  the  people  on  the 
other  ^de  of  the  equator  a  constant  south  win4» 
if  there  were  nothing  else  intervening.    But  the 

parts 


20$  LETTER  XVII. 

of  the  earth  under  the  sun,  being  the  most  am* 
siderably  heated  and  rarefied^  and  as  the  earth 
turns  eastward,  the  point  of  greatest  rare£i£kion 
in  the  air  is  constantly  shifting  towards  the 
west ;  the  western  and  eastern  air,  on  both  sides^ 
flows  towards  this  point ;  but  as  that  on  the  west 
meets  it,  and  that  on  the  east  follows  it,  the 
motion  of  the  western  air  is  lessened,  and  that 
of  the  eastern  air  increased ;  and  therefore  that  of 
the  eastern  air  prevails  against  the  motion  of  the 
western  air ;  and  so  there  would  be  a  constant 
east  wind  produced  in  parts  under,  and  near  the 
equator,  if  the  body  of  the  atmosphere  were  to 
be  afieded  in  no  other  diredtion ;  but  since  the 
several  parts  thereof  are  urged  in  two  direSiom^ 
a  motion  results  thence  between  both,  and  con- 
sequently a  north-east  wind  is  produced  on  the 
jK)rth  side  of  the  equator ;  and  a  south-east  wind 
in  the  southern  hemisphere.  And  these  extend 
nearly  30  degrees  on  each  side  of  the  equator.  * 

The  direftion  of  the  monsoons  is  not  altogether, 
though  it  is  in  some  respeds,  the  same  as  that 
of  the  general  trade  winds.  The  cause  of  the 
monsoon  is  this :  The  sun,  during  its  passage 
through  the  northern  signs,  rarefies  the  northern 
parts  of  the  atmosphere  most,  which  is  still  fur* 

tjw 
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ther  increased  by  the  great  reflexion  of  the  solar 
rays  from  the  sandy  desarts  of  Arabia  and  the 
Indian  coasts.  All  this  time  the  currents  of  air 
come  into  those  seas  almost  in  a  south-west  dt- 
reAion.  But  when  the  sun  enters  the  southern 
signs^  it  carries  the  point  of  greater  rarefication 
on  the  other  side  of  the  equator,  occasioning  a 
contrary  current  of  air.  In  accounting  for  the 
monsoons,  however,  it  is  necessary  to  mark  the 
peculiar  circumstances  which  obtain  in  the  Indian 
Ocean,  and  which  are  not  found  in  the  Atlantic 
or  Pacific  Oceans.  They  seem  to  be  these : 
That  the  Indian  Ocean  is  bounded  to  the  north- 
ward by  shores  whose  latitude  does  not  exceed 
the  limits  of  the  general  trade  winds,  and  that 
the  general  trade  winds  fall  on  what  mariners 
call  lee  shores  to  the  westward.  The  sun  being 
twice  in  the  year  vertical  in  the  equator,  and 
never  departing  thence  more  than  231  degrees, 
causes  the  air  in  that  climate  to  be  hotter  than  at 
any  other  place  on  the  ocean.  Such  a  rarefied  space 
must  extend  across  the  Indian  ocean,  and  produce 
a  S.  £.  wind  to  the  southward,  and  a  N.  £. 
wind  to  the  northward  of  the  equator,  over  which, 
in  the  upper  regions  of  the  air,,  the  winds  return 
in  the  contrary  diredtion.  This  we  accordingly 
see  happen  in  the  months  of  O&ober,  Novem- 
voL.  !•  O  ber. 
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bcr,  December,  January,  Fcbniary,  and  March. 
But,  when  the  sun  declines  to  the  northward,  und 
heats  the  lands  there,  the  air  contiguous  to  those 
Unds  becomes  rarefied,  and  the  lower  air  has  a 
tendency  to  move  that  way.     This  tendency 
increases,  as  the  sun  advances  further  north ; 
so  that  the  whole  body  of  the  lower  air  to  the 
northward  of  the  equator  moves  towards  the 
northern  lands,  notwithstanding  the  equatorial 
rarefaftion.  If  the  rarefadion  on  the  surface  of  the 
northern  land  be  greater  than  that  at  the  equator, 
the  wind  blows  to  the  north,  and  the.  contrary 
happens  when  the  equatorial  rarefaftion  is  great- 
est. Thus  then  it  is,  that  the  existence  of  land, 
and  the  situation  of  that  land  for  refle£king  the 
rays  of  the  sun,  causes  the  monsoons.      Were 
there  other  lands,   on  other  parts  of  the  globe, 
and  those  as  well  situated  for  the  refle&ion  of 
the  solar  heat,  monsoons  would  not  be  peculiar 
to  the  east.     In  their  commencement,  to  use  a 
seaman's  expression,  they  ate  always  found  at 
first  to  creep  along  shore ;  they  then  spread  into 
the  ocean.    At  first  they  are  feeble,  they  after- 
wards become  vigorous ;   they  then  gradually 
diminish,  and  finally  come  to  a  change,  a^d 
this  twice  in  the  year^  agreeably  to  our  solar 

progress. 
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These^  or  some  such  like^  are  probably  the 
eauses  of  the  winds  that  prevail  in  the  Indian 
ocean*  *  But  the  obsenrations  we  are  in  posses- 
sion of,  are  too  few  and  too  inaccurate  for  the 
purpose  of  forming  a  theory.  On  the  same  prin- 
ciples it  will  not  be  difficult  to  account  for  the 
land  and  sea  breezes^  in  warm  regions.  For^  be- 
cause  the  land  is  heated  in  the  day  time,  the  wind 
must  blow  in  shore  to  supply  the  place  of  the 
ascending  rarefied  air  :  and  in  the  night,  the  land 
cools  and  condenses  the  air,  occasioning  the  land 
breeze.  For  instance,^  the  surface  of  the  earth  is 
more  suddenly  heated  by  the  rays  of  the  sun 
than  that  of  the  sea,  from  its  greater  density  and 
state  of  rest ;  consequently,  it  refledts  those  rayd 
sooner,  and  with  more  power ;  but,  owing  alsa 
to  its  density,  the  heat  is  more  superficial  than 
that  imbibed  by  the  sea,  which  gets  m<^e  inti^^ 
mately  warmed  by  its  transparency^  and, by  its' 
motion  continually  presents  a  fresh  surface  to 
the  sun.  Consequently  the  land  breezes  are 
of  greater  continuance  than  the  -sea.  Islands, 
from  the  refle<5led  rays  of  the  sun,  often  appear 
as  with  a  glory  rounci  their  heads.  And  benc0 
in  short  it  is,  %  that  air  incumbent  on  seas,  or 
large  ttaAs  of  water,  is  generally  many  degrees 

O  2  warmer 
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warmer  in  winter,  and  cooler  in  summer,  than 
air  incumbent  on  land ;  because  land  is  more 
susceptible  of  both  beat  and  cold  than  water, 
and  in  general  participated  of  the  temperature 
of  the  subtance  with  which  it  is  in  contaA. 
Land  takes  eight  or  ten  degrees  more  heat 
than  the  sea  in  summer ;  and  is  eight  or  ten 
flegrees  colder  in  winter  in  the  same  latitude. 
And  hence  the  cause  of  those  low  mists  which 
^re  so  often  seen  hovering  above  the  surface 
pf  rivers  and  other  waters  in  the  evenings,  to- 
wards the  end  of  summer :  for  as  the  waters 
retain  their  heat  longer  than  the  earth  after 
th?  sun  withdraws,  the  moisture  which  was 
raided  during  the  heat  of  the  day  to  a  small 
distgncq  from  the  eart-h's  surface,  is  quickly 
condensed  by  the  cold  of  the  evening,  and  falls 
down  in  copious  dews ;  whereas  that  which  is 
above  the  surface  of  the  waters  is  more  slowly 
condensed,  by  reason  of  the  heat,  which  that 
dement  retams  longer,  and  hovers  at  a  small 
distance  above  it  in  the  form  of  a  dense  vapour, 
which  slowly  subsides  as  it  loses  its  heat.  £vea 
in  our  own  climate,  the  land  and  sea  breezes  are 
often  sensibly  felt  during  the  summer  season ; 
although  from  the  length  of  the  day,  and  short- 
ness of  the  night,  the  difference  between  the  heat 
of  these  is  far  less  than  in  warmer  climates. 

.    From 
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.  From  what  we  have  thus  seen  of  the  equatorial 
and  other  regular  winds,  the  transition  to  the 
opposite  kinds  may  be  thought  of  no  very  great 
difficulty.    And  the  fadt  is,  there  is  scarcely 
any  thing  more  readily  to  be  accounted  for.    I 
shall  not  at  present,  however,'  trouble  you  with 
the  enumeration  of  each  of  the  particular  causes. 
But,  as  far  as  the  sun  is  concerned,  the  variety 
of  winds,  to  which  the  northern  and  southern 
parts  of  the  world  are  subjefted,  may  be  conceiv- 
ed to  be  occasioned  by  the  comparatively  small 
degree  of  influence  the  sun  has  in  those  parts, 
and  the  consequent  situation  of  the  air,  which 
being  undetermined  as  to  any  particular  point,  is 
continually  shifting  from  place  to  place,  to  fill 
up  the  equilibrium,  which  may  have  been  de- 
'  stroyed  by  the  influence  of  the  sun  in    other 
quarters,  the  rising  of  vapours  and  exhalations, 
the  melting  of  snows  upon  the  tops  of  moun* 
t2uns,  and  other  circumstances.    The  variations 
in  wind,  indeed,  are  at  all  times  occasioned  by 
the  elasticity  of  the  air,  which,  in  whatever  man- 
ner compressed,  is  forced  to  a  re-adion.    But, 
besides  the  fludluations  occasioned  by  condensa- 
tions, and  by  dilatations,  by  fermentations  on 
the  surface  of  the  earth,  and  by  fermentations 
in  the  clouds,  there  are  still  also  powerful  colla- 
teral operations  always  going  forward   in  the 
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bowels  of  the  earth.  This  may  appear  strange. 
But,  is  not  the  approach  of  a  storm  often  seen 
to  be  predidbed  by  the  adblons  of  animals  i  They 
feel  at  the  surface,  that  the  eledric  fluid,  or  some 
other  vapour,  is  rapidly  rushing  to  more  elevat- 
ed regions,  thereby  disturbing  the  equilibrium, 
and  leaving  the  other  constituent  parts  of  the 
atmosphere  in  perturbated  dissonance  and  con- 
fusion. Is  not  this  eledric  or  other  discharge 
also  observed  to  be  in  certain  countries  nearly 
periodical }  In  the  east  and  in  the  west,  after  a 
certain  lapse  of  time,  a  sufficiency  of  matter  is 
seen  to  have  accumulated.  Tempests  conse- 
quently burst  forth.  The  period  of  tranquility 
again  is  to  be  guessed  at,  if  not  calculated.  But> 
how  often  do  we  see  the  sea  to  be  agitated, 
without  any  external  appearance  of  changie  in 
the  atmosphere }  Musschenbroek,  therefore, 
was  probably  not  far  from  the  truth,  when  he 
supposed,  that  one  year  with  another,  and  in  the 
same  place,  in  insular  situations  and  sea  coasts 
in  particular,  the  same  quantity,  and  tbe^  same 
diredion  of  wind,  though  irregularly,  are  annu- 
ally produced. 

This  dominion  of  the  winds  would  seem  to 
be  confined  to  the  sea,  but  it  is  not  so.*  Winds 

are 
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are  capricious  and  violent.  They  rush  with  ir« 
resistible  fury.  They  excite  impetuqps  com- 
motions. They  not  only  raise  mountains  of 
sand  in  Arabia  and  Africa,  and  overwhelm  large 
plains,  but  they  carry  sands  into  the  sea,  and 
form  banks,  and  even  islands.  It  has  even  been 
observed,  that  no  cloudy  and  moonless  night, 
which  is  very  windy,  is  dark ;  as  if  the  wind  by 
its  motion  always  raised  a  light  in  some  degree, 
through  the  agitation  of  the  elements,  and  the 
collision  of  the  particles  that  are  floating  in  the 
air.  Hurricanes  are  the  scourge  of  the  Antilles, 
of  Madi^scar,  and  other  countries.  They 
sweep  away  trees,  plants,  cattle,  and  the  soil  that 
.  nourished  them.  They  drive  back,  they  anni- 
hilate rivers,  and  produce  new  ones.  They 
overthrow  rocks  and  mountains.  They  scoop 
out  holes  and  gulfs  in  the  earth,  and  totally 
change  the  face  of  those  unhappy  countries 
which  give  them  birth.  The  heat  of  the  sun, 
as  we  have  observed,  is  the  most  powerful  cause 
of  these  winds ;  but  the  force  of  the  sun's  attrac- 
tion upon  the  atmosphere,  and  even  that  which 
is  supposed  of  the  moon  (which,  however,  I  am 
much  inclined  to  deny,  for  has  the  moon  ever 
been  observed  to  have  an  influence  on  the  trade 
winds  ?)iire  inconsiderable,  when  compared  with 
the  efieds  of  hurricanes.     For  though  the  air  is 
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elastic  and  800  times  lighter  than  water,  the 
motion  produced  by  attradion  cannot  exceed 
what  is  excited  in  the  waters  of  the  ocean  by 
the  same  causes ;  for  the  aftion  of  gravity  being 
proportioned  to  the  quantity  of  matter,  it  must 
elevate  a  sea  of  water,  of  air,  or  of  quicksilver, 
nearly  to  the  same  height.  This  has  been  proved 
by  D'Alembert.  This  part  of  our  subjed,  how- 
ever, will  more  particularly  engage  our  attention 
at  a  future  moment. 

The  atmosphere,  as  we  have  already  traced  it, 
cannot  be  the  same  at  all  heights,  although  the 
phenomena  which  we  have  taken  notice  of,r 
are  most  difficult  to  be  accounted  for.  Dtf&- 
rent  kinds  of  aeriform  fluids,  immiscible  with 
each  other,  or  only  susceptible  of  mixing  to  a 
certain  degree,  must  enter  into  its  composition, 
and  occupy  the  place  in  which  their  specific  gra- 
vity will  naturally  fix  them.  Thus,  by  the 
barometer  we  readily  ascertain,  that  the  higher  we 
ascend  from  the  surface  of  the  earth,  the  lighter 
becomes  the  air,  for  the  quicksilver  descends  in 
proportion,  the  tenth  part  of  an  inch  for  every 
ninety  feet.  Not  that  in  every  respeft,  the 
barometer  is  implicitly  to  be  relied  upon,  for  a 
superior  stratum  of  the  atmosphere  will  fall 
sometimes^  when  a  cold  wind  in   the  upper 

regions 
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regions  passes  over  a  country,  the  lower  strata 
of  whose  atmosphere  are  specifically  lighter,  and 
hence  a  low  state  of  the  barometer  (even  on  the 
surface)  will  precede  such  extraordinary  cold.* 
And  it  is  from  this  reason  probably  also,  that 
Holland  often  experiences  a  degree  of  cold 
greater  than  countries  placed  under  higher  lati* 
tudes ;  for  Holland  being  a  very  moist  country, 
its  atmosphere  abounds  more  in  vapours,  which 
render  it  specifically  lighter.  Thus,  during  the 
great  cold  of  January  1783,  the  barometer  was 
lower  than  it  was  known  to  be  for  fifty  years  be- 
fore during  that  month ;  and  Muscbenbroek  re- 
marked, that  in  winter,  when  the  mercury  in 
the  barometer  descended,  the  cold  increased. 

But,  it  is  not  material  to  our  present  purpose, 
whether  the  descent  of  the  quicksilver  be  occa- 
sioned by  the  decreasing  density  of  the  atmo- 
sphere, or  by  the  cold  which  results  from  a  dia- 
phanous medium.  The  point  seems  to  be  irre- 
fragably  established,  that  the  atmosphere  cannot, 
with  more  propriety,  be  considered  of  the  same 
consistency  in  all  its  parts,  than  the  vulgarly  re- 
ceived opinion,  which  supposes  it  heavier  on  a 
cloudy,  lowering  day,  than  on  a  fine,  serene, 
transparent  one.  As  the  density  of  the  air,  there- 
fore, 

♦  Kirwan. 
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fore,  is  greatest  at  the  surface  of  die  earthy  it  is 
natural  to  conclude,  that  there  the  wind  must  be 
most  violent;  and  this  conclusion^*  I  appre- 
hend^  is  just,  when  the  sky  is  serene;  but, 
when  it  is  charged  with  clouds,  the  a&ion  of  the 
wind  will  be  most  violent  at  the  height  of  the 
clouds,  which  are  denser  than  the  air,  as  they  fall 
in  the  form  of  hail  or  rain.  In  general,  indeed, 
the  winds  are  more  violent,  in  proportion  to  the 
elevation  of  the  ground,  till  they  arrive  at  the 
ordinary  station  of  the  clouds ;  and  beyond  this 
the  sky  is  generally  serene,  especially  in  summer, 
and  the  wmd  gradually  diminbhes  :  it  is  even 
said  to  be  altogether  imperceptible  on  the  tops 
of  the  highest  mountains.  But,  of  the  common 
power  of  winds,  that  which  is  reJleEled  is  the  most 
violent,  and  that  in  proportion  to  the  vicinity 
of  the  ob)e£k  by  which  it  is  refle&ed;  and  the 
reason  is  evident.  The  air  in  a  direft  wind  a£fcs 
only  by  its  own  celerity  and  its  common  volume ;  but 
this  volume,  or  mass,  is  considerably  augmented 
by  the  compression  it  receives  from  the  obstacles 
by  which  it  is  reflefted  ;  and  as  the  quantity  of 
every  motion  consists  of  the  celerity  multiplied 
by  the  volume,  this  quantity  is  much  greater 
after  being  compressed  than  before.  It  is  a  vo- 
lume of  conunon  air  which  afts  in  the  first  case, 

and 
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and  a  volume  of  air  of  double  or  treble  density 
which  z&s  in  the  second. 


The  greatest  violence^  however,  of  the  winds 
in  the  strata  of  the  atmosphere,  nearest  the  sur* 
face  of  the  earth,  is  during  spring  and  autumn,  * 
and  not  in  winter  and  summer.  For  this  fa& 
several  reasons  may  be  assigned,  i.  In  spring 
and  autumn  the  tides  are  highest,  and  conse* 
quently  the  winds  they  excite  are  most  violent* 
2.  The  motion  produced  in  the  atmosphere,  by 
the  aftion  of  the  sun  and  moon,  must  likewise 
be  greatest  about  the  equinoxes.  3d.  The  melt* 
ing  of  the  snows  in  spring,  and  the  condensa« 
tion  of  the  vapours  which  are  exhaled  in  sum- 
mer by  the  sun,  and  which  fall  down  in  autumn 
in  the  form  of  rain,  produce,  or  at  least  augment 
the  force  of  the  winds.  4.  The  transition  from 
heat  to  cold,  or  from  cold  to  heat,  must  create 
considerable  augmentation  and  diminution  in  the 
volume  of  the  air,  which  alone  is  sufficient  to 
raise  great  winds.  And  these  reasons  receive  ad- 
ditional support  from  a  faft  closely  analogous, 
namely,  that  the  coldest  weather,  in  all  northern 
climates,  generally  prevails  about  the  middle  of 
January,  and  the  warmest  in  July;  thou^,  astro^ 
nomically  speaking,  the  greatest  cold  should  be 
felt  at  the  latter  end  of  December,  and  the  gteat- 
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est  heat  in  the  latter  end  of  June  ;  but^  the  earth 
requires  some  time  to  take,  or  to  lose  the  influ- 
ence of  the  sun,  in  the  same  manner  as  the  sea 
with  resped  to  the  tides. 

Besides  those  which  we  have  already  mention- 
ed, there  are  a  variety  of  other  causes,  which, 
when  variously  combined,  are  adequate  to  consi- 
derable effeds  in  the  atmosphere.  Of  all  winds, 
however,  none  ever  puzzled  ancient  philosophers 
more  than  the  east  wind  which  predominates  in  Eu- 
rope. The  cause  they  conceived  to  be  the  diurnal 
motion  of  the  earth,  not  recolle£king  that  no  fluid, 
which  surrounds  the  earth,  can  be  afieded  by  its 
rotation ;  that  the  air  must  move  along  with  the 
earth  itself;  and  that  the  rotatory  motion  is 
equally  imperceptible  in  the  atmosphere  as  on 
the  surface  of  the  earth.  The  true  cause  is,  that 
Siberia  being  the  most  elevated  land  of  the  old 
.  continent*  (Mexico  of  the  new,  being  5491  feet 
above  the  level  of  the  Pacific,  and  Quito,  9240) 
that  is,  being  from  2500  to  3000  feet  above  the 
level  of  the  ocean,  the  north-east  winds  proceed* 
ing  from  this  country  to  Russia,  Poland^  Ger- 
many, England,  and  France,  must  be  colder  in 
proportion  to  the  latitude,  than  those  that  blow 
on  Sweden  or  Scotland ;  and  colder  than  the  mote 
northerly  winds  that  come  to  us  over  a  large  trad 
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of  sea.  N0W9  Siberia  is  at  least  2800  miles  to 
the  east  of  London :  yet^  notwithstanding,  it  is 
thence  the  wind  is  derived  to  us ;  for,  according 
to  the  computation  of  one  of  the  most  accurate 
philosophers  of  the  present  age,  (Mr.  Smeaton) 
a  common  high  wind  travels  at  the  rate  of  thirty- 
five  miles  an  hour ;  so  that  three  days  only  are 
required  for  its  journey  from  Siberia.  A  balloon, 
indeed,  has  been  estimated  to  have  gone  1 20  miles 
in  two  hours ;  and  an  extraordinary  gust  of  wind 
in  England,  in  1703,  was  calculated  to  have  had 
a  velocity  of  fifty  miles  in  the  hour.*  Its  general 
current,  however,  in  a  storm,  may  be  estimated 
from  sixty  to  seventy  miles  an  hour. 

Thus  we  see  that  the  winds  are  in  various 
ways,  not  only  salubrious  but  most  beneficial  to 
man.  Their  continual  vicissitudes- give  a  turn 
to  the  dispositions  and  productions  of  nature ; 
they  corre<St  those  ill  consequences  which  would 
unavoidably  flow  from  a  too  tedious  inadtivity 
and  state  of  rest ;  and,  in  short,  invigorate  and 
purify  the  air,  by  keeping  it  in  perpetual  motion. 
Without  them,  our  habitations  would  become 
unwholesome,  and  Geneva,  or  London,  would 
in  a  short  time  be  as  nauseous  as  a  common 
sewer:  in  a  word,  all  nature  would  languish  and  die 

away. 
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sway*  Moreover^  as  the  atmospheric  air  may  be 
considered  y  in  its  purest  state^  as  a  commixture 
of  an  acid  and  water^  and  a  fixed  fire,  or  phlo- 
giston, so  may  it  be  stiled  the  priocipal  agent 
in  combustion.  For  a  combustible  body,  as  I 
have  already  noticed,  though  fire  be  applied  to 
it,  will  not  bum  without  the  agency  of  an  aerial 
substance.  Atmospherical  air  being  a  compound 
of  a  mild  acid,  and  of  a  mild,  not  a  high  a»cen- 
tration  of  fixed  fire,  parts  with  its  own  fixed  fire, 
when  aftual  fire  is  applied  to  it ;  however,  the 
beat  it  produces  is  not  powerful  enough  to  keep 
the  air  burning,  or  decompounding  its  own  fixed 
fire,  unless  it  be  exposed  to  some  combustible 
body,  having  a  high  concentration  of  fire.  Again, 
if  fire  be  applied  to  a  combustible  body,  not 
having  the  aid  of  this  compound,  it  will  not 
burn ;  for  its.  fixed  fire  being  so  closely  and 
strongly  ^ttrafted,  it  renders  it  impossible  to  be 
decompounded.  This  is  strikingly  confirmed 
in  dephlogisticated  nitrous  air.  If  this  air  be 
found  not  strongly  saturated  with  phlogiston, 
it  will  allowa  candle  to  burn  in  it  with  a  bright 
and  vivid  flame  u  but,  if  it  be  highly  saturated^ 
it  will  bum  with  greater  vehemence,  and  the 
flame  will  extend  over  the  greater  part  of  the 
sir ;  that  is,  the  flame  will  becopie  extended 
from  the  candle,  and  more  of  the  air  will  be 

burning 
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burning  at  the  same  time;  and  if  saturated 
with  a  still  greater  quantity  of  phlogiston,  it  wili 
all  take  fire  together^  and  burn  with  an  explosion 
like  to  that  of  inflammable  and  atmospherical 
air ;  the  agent  and  the  principle  being  both  in 
the  same  body^ 

Air  is  a  combustible  body,  as  well  as  the  bo- 
dy which  it  consumes.    Atmospherical  air  being 
only  a  weak  saturation  of  fixed  fire,  forms  only 
a  weak  combustion  (  therefore,  bodies  burning  in  ^ 
ic»  bum  gently,  cOosuming  themselves  in  a  alow 
and  gradual  manner.    But,  artificial  dephlogis- 
ticaced  air,  having  #  higher  saturation  $f  Jhcei 
firu  or  phlogiston,  allows  a  substance  to  burn 
with  a  noore  extended  flame,  and  with  partial 
cxpk>sions.*    And,  if  a  still  higher  saturation,, 
being  in  the  first  instance  an  agent  to  produce 
ignition  in  another  body,  it  will  in  this  case 
become  both  agent  and  principle,  and  will  de- 
compound •  itself.    For  Dr.  Priestley  found  this 
air  with  so  high  a  saturation,  as  to  burn  and  ex- 
plode like  inflammable  air;  and  upon  a  particle  of 
fire  being  added  to  it,  it  immediately  consumed 
itseE   The  nitrous  acid,  or  the  dephlogisticated 
marine  acid,  when  mixed  with  essential  oil«,  or 
the  volatile  alkali,  will  promote  ignition.    The 

cleflrical 
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eledlrical  spark,  or  fire,  applied  to  atmospherical 
air,  will  gradually,  and  by  a  slow  process,  decom- 
pound it.  Ignition  depends  upon  fixed  fire  being 
set  loose.  Thus,  lee  different  metals  be  exposed  to 
the  dephlogisticaced  marine  acid  air,  such  as  iron, 
copper,  lead,  &c.  and  igniuon  will  immediately 
take  place;  and  this  owing  to  the  marine  add 
air  decompounding  the  phlogiston,  and  setting 
the  fire  loose.  In  the  calces  of  these  metals,  there 
is  no  oxygene  gas  to  be  found.  Actridon  also  ad- 
ing  mechanically,  by  dissolving  the  union  of 
phlogiston,  and  setting  the  fire  loose,  generates  ig- 
nition. In  a  word,  no  bodies  but  those  which  are 
phlogistic,  will  produce  fire :  at  the  same  time, 
it  will  be  allowed  that  Bacon,  and  others,  were 
right  in  believing  heat  to  consist  in  motion  ;  this 
ejtcepdon  alone  always  attended  to,  that  such 
heat  is  to  be  attributed  solely  to  those  peculiar 
particles  of  fire  or  phlogiston,  for  the  motion  of 
other  bodies  mil  not  produce  it.*  " 

In  opposition,  indeed,  to  what  I  have  above 
said  touching  the  salubrity  of  winds,  many  in- 
stances may  be  adduced  of  the  pesuferous  and 
fatal  changes  which  the  atmosphere  partially  un- 
dergoes, especially  in  Africa  and  Asia.  To  enu- 
merate them  would  be  tiresome.  The  sirroco,  and 

other 
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oditv  winds,  spQijBtimes  prev^IcQt  i[>  th^  soudicri} 
parts  of  Europe,  are  well  l^nown.  The  follow- 
iog,  however,  as  its  influence  is  sq  singularly  ey ? 
teosive,  may  nof^,  as  aA  example,  be  unworthy  of 
notice.  The  Sawgid^I  wind,  which  prevail^  for  cer- 
tain days  in  the  year,  not  only  in  Egypt,  but  in 
Arabia,  Syria,  Persia,  and  India,  and  even  in 
Africa  and  Spain,  is  so  disastrous  in  its  effeAs, 
that  every  thing  in  nature  seems  to  yield  to  its 
power.  Man  and  animals  immediately  fall  vic- 
tims, if  they  be  surprised  by  it  in  its  fury.  It  seems 
as  if  it  had  the  faculty  of  instantaneously  pump- 
ing out  life,  and  of  evaporating  the  first  prin- 
ciples of  existence.  This  wind,  however,  and 
those  similar  to  it,  it  is  curious  to  know,  always 
proceed  from  desart  countries.  It  is  the  adlion  of 
the  sun  on  sand,  not  tempered  by  the  interven- 
tion of  forests,  rivers^  or  lakes,  which  renders 
their  heat  and  aridity  so  destrudtive.  In  Bruces's 
and  in  Volney's  Travels,  you  will  see  much 
on  this  extraordinary  subjed  i  and  to  those  enter- 
taining writers  I  refer  you,  requesting  you 
only  to  bear  this  in  remembrance,  that  stones  or 
sand  contain  less  specific  fire  than  earth,  this  being 
always  moister ;  hence  they  heat  and  cool  more 
readily,  and  to  a  greater  degree,  which  accounts 
for  the  dreadful  heats  of  the  desarts  of  Arabia 
4n4  Africa,  and  the  no  less  intense  colds  of  Terra 
VOL.  I.  P  del 
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del  Fuego,  and  other  stony  countries  in  cold  la* 
titudes.  Thus  too,  towns  being  formed  of  stone 
or  brick,  are  warmer  in  summer  than  the  open 
country,  unless  the  streets  be  so  close  as  to  inter- 
cept  the  sun's  rays*  and  vice  versa. 


LET- 
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From  the  atmosphere  and  its  properties^  we 

next  pass  on  to  other  aeriform  fluids^  of  equal  im- 
portance in  the  sublime  operations  of  nature. 

There  is  not  any  thing  within  the  knowledge  of 

man  more  wonderful,  than  the  respedtive  and  pe« 

culiar  energies  of  air ;   nor  can  any  thing  yield 

matter  of  more  admiration,  or  of  more  profound 

contemplation,  to  a  philosophic  mind.  The  changes 

which  bodies  undergo  by  means  of  these  fluids 

are  astonishing.  We  even  see  solid,  hard,  opaque 

bodies  almost  entirely  reduced  into  a  substance, 

which  possesses  properties  totally  different ;  *— 

a  fluid,  transparent,  invisible,  whose  particles, 

instead  of  their  former  attra£kion,  shall  now  rc^ 

pel  each  other  so  forcibly,  that  the  utmost  force 

of  mechanical  pressure  shall  not  be  able  to  form 

them  agaii  into  a  solid.     On  the  other  hand, 

elastic,  invisible  fluids,  shall  lose  at  once  their 
,  aerial  form,  and  be  concentrated  by  the  means 
.  of  some  other  substance ;  nay,  two  fluids  which, 

by  themselves,  are  invisible  and  elastic,  shall,  { 

P  2  when  j 
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when  mixed  together,  lose  their  elasticity,   and 
become  a  body  both  visible  and  tangible,  a  salt. 

The  kinds  of  air,  which  in  general  appear  to 
be  essentially  distinft  from  each  other,  are  fixed 
air,  acid  air,  and  alkaline  air ;  *  for  these,  and 
another  principle,  which  it  has  been  impossible 
to  exhibit  in  the  form  of  air,  and  which  has 
Qever  yet  been  exhibit^  by  itself  in  any  foraiy 
sterns  to  constitute  all  the  kinds  of  air*  The 
terms,  therefore,  in  common  use,  and  agreeable 
t;o  the  common  nomenclature^,  are,  atmospheric 
^ir,  fixed  air,  mephitic  air,  and  inflammable  air. 
The  last  indeed  is  particularly  characterized,  as 
it  takes  fire,  and  explodes  on  the  approach  of 
flam?.  As  to  the  term  mepbitic,  it  might  be  2^ 
well  applied  to  that  which  is  called  fixed  air, 
as  to  that  which  is  inflammable,  and  to  many 
Other  kinds ;  since  they  are  all  equally  noxiogs 
when  breath^  by  animals.  Besides  this,  there 
is  the  dephlogisticated  or  vital  air. 

The  following  table,  however,  u^ciU  exhibit 
the  specific  and  distinguisbiog  weights  of  the 
same  quantity  of  difierent  airs* 


Fhlogisticated^ 
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^wts.   gri. 

Phlogisticated, 715 

Nitrous,  •-......*  7  16 

Common^ 7   17 

Dephlogisticated,  ...  -  -  719 

Froth  this  it  appears^  that  hitrotis  air,  and  air  di- 
minished by  phlogistic  processes^  are  rather 
lighter  than  common  air ;  and  that  dephlogisti- 
cated  air  is  heavier  than  common  air.  The  le- 
vity, again,  of  inflammable  air  is  excessive,  it  being 
ten  times  lighter  than  that  of  the  atmosphere. 
Thus,  the  purer  air  is,  the  heavier  it  is ;  the 
more  phlogisticated,  the  lighter. 

Permanently  elastic  fluids  are  transparent,  and 
by  themselves  invisible.  All  are  incapable  of 
.  assisting  combustion  or  animal  life,  excepting 
common  and  dephlogisticated.  These  two  last 
likewise,  together  with  inflammable  and  nitrous 
air,  are  with  difficulty,  and  in  small  quantities, 
absorbed  by  water.  Fixed  air  is  in  a  great 
quantity  absorbed,  bulk  for  bulk  almost.  The 
other  airs,  such  as  vitriolic  acid  air,  nitious  acid 
air,  fluor  acid  air,  and  the  alkaline  air,  are  in 
great  quantities  almost  entirely  absorbed  by 
water.*      The  elastic  fluids,  however,  hitherto 

P  3  discovered, 
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discovered^  with  the  principal  variotis  names 
given  them  by  different  authors,  are  those  that 
follow,  excepting  only  a  few,  which  have  been 
very  impcrfeftly  described,  i.  Atmospherical 
or  common  air.  2.  Fixed  air,  or  aetial  acid. 
3.  Inflammable  air.  4.  Nitrous  air.  5.  Dephlo- 
gisticated  air.  6.  Vitriolic  acid  air.  7.  Marine 
acid  air.  8.  Nitrous  acid  air.  9.  Fluor  acid 
air,  or  sparry  air.  10.  Alkaline  air.  These  arc 
also,  excepting  common  air  and  dephlogisti- 
cated  air,  called  gaseSj  with  their  distinguishing 
epithets,  as  inflammable  gas,  &c. 

The  atmospheric  air  we  have  already  consider* 
ed.  We  shall  now,  therefore,  inquire  into  the 
aerial  acid,  or  fixed  air.  This  air  had  been  ob- 
served on  the  surface  of  fermenting  liquors,  and 
was  called  gas  (the  same  as  geist  or  spirit)  by 
Van  Helmont  and  other  German  chymists:* 
but,  it  afterwards  acquired  the  name  of  fixed  air, 
when  it  was  discovered,  by  the  celebrated  Dodkor 
Black,  to  exist  in  a  fixed  state  in  alkaline  salts, 
chalks,  and  other  calcareous  substances.  There 
are,  in  faft,  few  substances  in  nature  that  do  not 
contain  fixed  air,  discoverable  either  by  heat  or 
by  some  stropger  acid.  It  is  always  contained  in 
common  air ;  and  also  in  the  purest  dephlogisti- 

cated 
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cated  air.  It  is  only  a  peculiar  acid  in  a  state 
of  vapour,  which  modification  it  assumes  on  its 
cxpubion  from  bodies,  by  the  power  of  a  supe« 
rior  acid  taking  its  place.  It  is  an  elementary 
substance ;  whereas  common  air  is  a  compound. 
Joined*  with  phlc^ston,  indeed,  it  may  serve  to 
form  the  latter.  However  this  be,  as  I  have 
jqst  observed,  all  fermented  liquors  that  are  not 
quite  flat  or  vapid,  contam  fixed  air.  The  re- 
sult of  experiments  on  the  subjedt  is  as  follows; 

The  air  contained  in  an  equal  quantity  of  the 
following  fluids^ 

In  Madeira,  -  -  -  *  *  to?  P^^  of  ^  02.  meas. 
Port  of  6  years  old,  /^ 
Hock  of  5  years  ^ 
Barrelled  Claret,  ^\ 
Tokay  of  1 6  years,  ^^ 
Champagne  of  2  years, ; 
Bottled  Cyder  of  x  2  years,  3  parts  and  |« 

This  fixed  air  has  been  ascertained  by  Mr. 
Cavendish  to  be  if  heavier  than  atmospherical 
air.  He  has  also  ascertained,  that  water,  being 
impregnated  by  it,  will  dissiolve  iron,  and  there- 
by become  a  chalybeate. 

P  4  This 
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This  aerial,  or  carbonic  acid,  is  found  either 
in  im  aerial  state,  as  in  mines,  caverns,  wells,  or 
combined  with  water,  in  miheral,  or  ccminr^oti 
springs  ;   or  combined  with  absorbent  earths^ 
or  in  ores.    It   is  known  by  its  properties  of 
extinguishing  lights,  uniting  to  water,  and  then 
precipitating  lime  watcn*     The  vitrieli^^  wheti 
dephlogisticated,  is.  always  united  to  water,  and 
as  in  ikkt  earth  it  must  meet  with  bodies  with 
which  it  is  capable  of  combining,  I  believe  it  has 
never  been  found  free  from  combination.     The 
fbkgkticuted^  or  sulphurous  vitriolic  acid,  fire- 
quently  occurs  in  ^  free  aerial  state,  bursting 
from  volcanic  mountains,  and  also  in  some  ca* 
verns  and  mineral  waters.-  -The  nitrous^  called' 
aqua  fortisy  though  generally  ranked  among  the 
mineral  acids,  can  scarcely  be  called  so,  as  it  al- 
ways requires  for  its  formation  the  putrefaftion 
of  animal  or  vegetable  substances.    It  is  never 
found  disengaged  from  all  bases  (e^tci^pt  perba|)s 
in  charnels  anid  the  repositd^ies  of  animal  etcre- 
tion)  but  always  united  either  to  alkalis  or  earth. 
The  mariniy  of  muriatic  acid^  frequently  named 
s^it  of  salt,  i$  fotind  only  i^  a  state  of  com- 
lunation  with  ilkalis,  earths^  and  ^otne  metals* 
The  ipdr$y  is  found  in  fluor  spar,  lapis  lazuli, 

chrysopasium^ 

♦  Kirwaft. 
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chrysopasium,  and  phosphoric  blende.  The  suc^ 
cinotts  is  found  only  in  amber .  The  phosphoric  has 
as  yet  been  discovered  only  in  fossil  bones^  and  in 
cme  species  of  lead  ore.  It  probably  owes  its  ori- 
gin to  a  decomposition  of  bones.  The  molybdenous 
being  very  lately  known^  has  been  found  only  in 
molybdena.  The  arsenical  has  been  traced  in  the 
or^s  of  other  metalic  substances,  particularly  of 
cobalt.  The  tungsten  has  hitherto  been  found 
only  in  the  calcareous  stone  called  tungsten. 

The  bodies  thus  called  acids^  are  combinations 
of  vital  air,  with  a  certain  elementary  substance. 
The  analysis  of  almost  all  the  acids,  whose  com- 
ppnent  parts  are  known^  establishes  this  truth  in 
a  positive  manner ;  and  it  is  on  account  of  this 
property  that  the  denomination  of  oxigenous  gas 
has  been  given  to  vital  air.  The  word  sour^  whi&h 
is  usually  employed  to  denote  the  impression,  or 
lively  and  sharp  sensation,  produced  on  the  tongue 
by  certain  bodies,  may  be  regarded  as  syhoni- 
mous  to  the  word  acid.  The  only  difference 
which  may  be  established  between  them  is,  that 
the  obe  denotes  a  weak  sensation,  whereas  the 
other  comprehends  all  the  degrees  of  force,  from 
the  least  perceptible  taste  to  the  greatest  degree 
of  causticity.  We  say,  for  example,  that  lemohs 
are  sour ;  but  the  word  acid  is  used  to  e^spress 

the 
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the  impression  which  the  nitric,  sulphuric^  of 
muriatic  acids  make  upon  the  tongue.  The  caus* 
ticity  of  acids  appears  to  arise  from  their  strong 
tendency  to  combination :  and  it  is  from  this 
property,  that  Newton  has  defined  them  to  be 
bodies  which  attract  and  are  attraded.  It  is 
likewise  from  this  property,  that  certain  chy- 
mists  have  supposed  acids  to  be  pointed  sub- 
stances. On  account  of  this  decided  tendency  also 
to  combination,  it  seldom  happens  that  they 
are  found  in  a  disengaged  state.  With  alkalis  acids 
they  generally  effervesce,  but  not  always.  Thus, 
the  carbonic  acid,  and  almost  all  weak  acids, 
cannot  be  distinguished  by  this  property ;  and 
the  purest  alkalis  combine  with  acids,  without 
motion  or  effervescence.  In  regard  to  alkalis, 
it  is  usual  to  call  any  substance  an  alkali,  which 
has  an  acid,  burning,  urinous  taste  ;  the  pro- 
perty of  converting  syrup  of  violets,  green; 
the  virtue  of  forming  glass  when  fused  with 
quartzose  substances ;  and  the  faculty  of  ren- 
dering oils  miscible ;  of  effervescing  with  cer- 
tain acids ;  and  of  forming  neutral  salts  with  all 
of  them.  The  alkalis  are  divided  into  fixed  and 
volatile.  This  distinftion  is  established  upon 
the  smell  of  these  substances :  the  former  are 
not  volatilized,  even  in  the  focus  of  burning 
mirror,  and  emit  no  characteristic  smell ;  where- 
as 
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as  the  latter  are  easily  reduced  into  vaf>our,  and 
emit  a  very  penetrating  odoun 

But  as  we  have  already  observed,  fixed  air 
.enters  universally  into  the  composition  of  all 
animal  substances,  and  is  of  so  extraordinary  a 
nature,  that  it  may  be  made  the  instrument  either 
of  health  or  of  disease,  of  life  or  of  death.*  For 
instance,  if  an  animal  be  immersed  in  a  sufficient 
quantity,,  a  total  loss  of  sense  and  motion  imme- 
diately ensues  ;  and  if  the  animal  be  not  speedily 
returned  into  common  air,  death  is  the  certain 
consequence.  On  the  other  hand,  when  proper- 
ly managed,  it  promises  salutary  effeds  in  some 
instances,  and  may  be  variously  adapted  to  the 
purposes  of  medicine.  It  may  be  externally 
applied,  either  by  a  proper  apparatus  determin- 
ing it  upon  the  diseased  parts,  or  by  mixing  it 
with  the  air  of  the  chamber,  so  as  to  be  freely 
and  constantly  respired. 

The  cohesion  and  solidity  of  substance:^  are^ 
in  the  opinion  of  Macbride^  owing  to  the  fixed 
air  they  contain  :  and,  when  by  any  means  this 
is  taken  away,  the  mutual  adhesion  of  the  several 
parts  will  be  destroyed,  and  the  body  will  either 
run  into  the  putrefadive  fermentation^  or  crum- 
ble 
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bk  into  dust,  according  to  the  nature  of  its  con- 
stituent parts.  Hence  it  necessarily  follows, 
that  whatever  substance  has  the  power  of  im- 
peding thte  separation  of  fixed  air,  or  of  restor- 
ing it  when  separated,  will  also  prevent  or  cor- 
teft  putrefaftion.  A  piece  of  flesh)  for  instance, 
surrounded  by  a  substance  of  this  kind,  is  kept 
sweet,  because  the  fixed  air  cannot  make  its 
escape,  and  that,  probably,  on  account  of  its 
pores  being  blocked  up  by  the  finer  particles  of 
the  antiseptic  matter.  If  it  has  already,  how- 
ever, become  putrid,  it  will  t^ceive  fixed  air 
from  the  antiseptic  body,  and  hence  cease  to 
exhale  a  fcetid  smell,  lose  its  fluidity  and  flab- 
biness,  and  at  last  recbver  its  sweetness  and 
firmness. 

The  power  of  this  aerial  acid,  you  thus  per- 
ceive, is  vety  great  j  it  preserves  and  It  destroys. 
But,  there  is  one  thing  very  singular  regarding 
it,  which  is,  that  if  an  animal  be  plunged  into  a 
sufficient  quantity  of  it,  he  will  instantaneously 
expire,  aild  without  a  convulsion.  Now  why 
this  should  be  the  case  is  uncertain,  unless  the 
system  of  an  animal,  or  its  vital  principle,  be 
of  the  nature  of  the  ele6b:ic  matter,  which  is  in 
a  similar  manner,  and  with  equal  expedition, 
swallowed  up  and  dissipated  by  it.     Thus  we 
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see  that  not.  only  grottoes  and  caves,  but  that 
^ven  waters  themselves  are,  sometimes  so  strong- 
ly impregnated  with  fixedL\  air,  as  to  kill  frogs 
and  fishes  of  every  kind.  '^  Ranas  nimirum, 
cancros,  pisces  quoscunque,  in  his  aquis  incon- 
tincQter  mori."  And  hence  the  probable  utility 
of  fixed  air  in  vermicular  diseases,  as  recommend- 
ed by  Dr.  Hulme.  As  it  deprives  an  animal  of 
existence,  so  it  efFedually  prevents  fire  from  be- 
ing kindled,  and  combustible  matter  from  ex« 
plosion ;  it  even  completely  and  instantly  extin- 
guishes a  body  red  hot  and  flaming ;  so  that  to 
determine  the  presence  of  this  mephitic  fluid  by 
flame,  is  a  common  experiment.  In  some  places 
the  poisopous  stratum  of  fixed  air  has  a  very  in- 
considerable depth  indeed.  In  the  Grotto  del 
Cane  near  Naples,  men,  and  even  large  d<^, 
as  you  have  seen,  suffer  nothing  while  they  stand 
trt(k  ;  but  if  the  nostrils  of  any  animal  be  brought 
near  the  ground,  it  is  instantly  seized  by  stupe* 
fadtion.  This  deadly  vapour  may  be  seen,  like  a 
very  subtile  smoke,  which  in  summer  rises  about 
a  foot  from  the  ground,  but  in  winter  not  above 
A  few  inches.* 

Feeling  the  benefits,  however,  of  fixed  air, 
as  well  as  its  deleterious  qualities,  philosophers 
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conceived  hopes,  that  it  might  be  rendered  of 
the  most  decided  utility  to  mankind.     Sir  John 
Pringle  among  the  rest,  and  with  great  proba- 
bility, supposed,  that  the  great  abundance  of  it 
contained  in  vegetables  and  saccharine  substances, 
aj)d  which  at  this  time  make  up  a  considerable 
part  of  the  diet  of  European  nations,  was  the 
cause  of  the  prevention  of  those  putrid  diseases 
and  plagues,  which  were  in  former  days  so  very 
prevalent.     Fixed  air  most  assuredly  has  the 
power  of  sweetening  the  putrid  effluvium.     It 
has  indisputably  an  antiseptic  power.  It  may  be 
said  to  be  demonstratively  certain,  that  it  dc-» 
stroys  tlie  putrefaftive  fermentation.     "  Hence, 
(says  Priestley)  the  use  of  wort  and  other  sub- 
stances, which  contain  fixed  air,  and  yield  a  great 
quantity  of  that  fluid  in  the  stomach,  are  strong- 
ly recommended  in  scorbutic  cases.    Adminis- 
tered, or  taken  internally  as  medicine,  they  have 
been  found  of  prodigious  service  in  putrid  dis- 
orders.    Men  in  the  sea  scurvy  are  cured  by 
being  buried  partially,  or  up  to  the  necks  in  fresh 
earth,  and  this  is  owing  to  the  absorption  of  the 
fixed  air  by  the  pores  of  the  skin.    Following 
the  plough  is  also  an  old  prescription  for  a  con- 
sumption. Fresh  mould  takes  off  the  foetor  from 
meac  beginning  to  putrify. 

Still 
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Still  pursuing  the  idea  of  fixed  air  being  all 
powerful  in  its  operations,  the  experimentalists, 
who  iodefatigably,  and  with  noble  emulation, 
strove  to  increase  the  number  of  its  benefits 
for  the  good  of  their  fellow  creatures,  imagined 
it  might  be  beneficial  in  the  cure  of  that  racking 
disease  the  stone.  **  So  strong  is  the  relation," 
says  Priesltley,  "  which  subsists  between  mephitic 
or  fixed  air  and  water,  that  they  remain  firmly 
combined,  and  so  rush  into  the  urinary  organs ; 
hehce  a  salutary  medicine  for  the  stone  or  gravel, 
preferable  to,  and  more  pleasing  than  lime-water, 
which  nauseates,  destroys  the  appetite,  and  cre- 
ates a  disagreeable 'sensation;  or  soap-ley,  which  is 
caustic  and  acrimonious ;  which  often  produces 
sanguinary  urine,  and  aggcavates  the  torture 
which  it  is  meant  to  relieve/'  When  com- 
bined with  an  animal  earth,  indeed,  fixed 
air  was  supposed  by  some  to  form  the  stone 
and  gravel.*  Bergman  thought  that  the  acid 
of  sugar,  together  with  an  animal  gluten,  con- 
stituted the  urinary  calculi ;  to  these  how- 
ever, observed  other  physicians,  a  calcareous 
matter  must  be  added,  as  may  be  inferred 
from  the  effervescence  and  indissolubility  of 
many  of  them  in  the  vitriolic  acid.  The  air 
found  in  the  stomachs  of  animals  is  mostly  of  the 
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iixible  kind ;  but  chat  in  the  intestines  is  gene« 
xHly  inflammable. 

Notwithstanding  these  flattering  prospe<5ks  of 
the  efficacy  of  fixed  air,  a  very  able  and  accu- 
rate philosopher  has  assured  Dr.  Percival,  that» 
unfortunately,  in  opposition  to  the  opinion  of 
its  being  beneficial  in  the  stone,  the  calculi  which 
he  has  tried  have  universally  resisted  the  adtioa 
of  mephitic  water.  And  he  further  adds,  that 
not  one  of  them  has  been  found  to  contain  a 
single  grain  of  absorbent  earth,  but  that  all  of 
them  have  pxpytd  inflammable  like  gall  stones. 
Dr.  Heberden  has  asserted  the  same  thing.  But, 
on  the  other  hand,  (and  thence  there  are  some 
hopes  still  remaining)  it  has  been  fully  shewn, 
that  these  substances  vary  in  their  structure  and 
composition ;  and  that  calcination  converts  some 
into  quick-lime ;  that  others  are  consumed  en- 
tirely in  the  fire ;  and  that  a  third  sort  yield,  af- 
ter burning,  an  insipid  residuum,  incapable  of 
giving  any  impregnation  to  water,  *  "  On  this 
subject,''  says  Scheele,  '^  I  conclude,  a  calculus 
is  neither  calcareous  nor  gypseous,  but  that  it 
consists  of  an  oily  salt,  in  which  the  acid  pre- 
vails a  little,  since  it  is  soluble  in  pure  water, 
and  imparts  to  the  tin£bure  of  lacmus  a  red  co- 
lour.'' 
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lour/'  That  it  contains  phlogiston,  appears  by 
its  solution  in  caustic  alkalis  and  lime  water.— 
**  I  have  found  calculi  also,"  says  he,  "  dissolv- 
ed in  all  urine,  even  in  that  of  children.  Atl 
urine  contains  some  animal  earth,  or  lime  com- 
bined with  phosporous  acid,  and  by  the  super- 
abundance of  acid  this  earth  is  kept  dissolved. 
It  is  remarkable,  that  the  urine  of  the  sick  is 
more  acid,  and  contains  more  animal  earth  than 
that  of  healthy  persons. 

'^  But  are  we  not,  in  truth,  to  consider  the 
stone,"  says  Dr.  Falconer,  **  sometimes  as  a 
disease  of  the  constitution  ?  Is  it  not,  in  some  in- 
stances, rather  an  animal  produftion,  than  pro- 
ceeding firom  stoney  matter  introduced  ab  extra, 
and  afterwards  collected  and  concreted  ?  Does  not 
the 'oyster,  for  instance,  furnish  by  its  own  pecu- 
liar oeconomy  a  large  mass  of  calcareous  earthy 
which  serves  it  for  a  substantial  covering  and 
drfence  ?  And  is  not  this  the  produdt  of  a  pe- 
culiar organization  ?  Is  not  another  analogy  to 
be  deduced  from  stoney  matter,  which  incrusts 
the  teeth  of  the  human  species  themselves  ?" 

The  carbonic  acid,  or  fixed  air,  is  found  in 

three  different  states ;   in  that  of  gas,  in  a  state 

of  mixture,  and  in  a  state  of  combination.    It  is 
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found  in  the  state  of  gas  at  the  Grotto  del  Cane, 
near  Naples,  and  in  a  variety  of  other  places ; 
in  tombs,  cellars,  &c.  It  is  disengaged  in  this 
form,  by  the  decomposition  of  vegetables  heaped 
together  by  the  fermentation  of  wine  or  beer,  by 
the  putrefaction  of  animal  substances,  &c.  It 
exists  in  the  state  of  simple  mixture  in  mineral 
waters,  since  in  these  it  possesses  all  its  acid  .pro- 
perties. It  exists  in  a  state  of  combination,  in 
limc-stone,  common  magnesia^  alkalis,  &c. 
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As  fixed  air  was  ascertained  to  be  highly  per* 
nicious,  in  certain  instances,  to  the  animal 
system,  so  it  was  likewise  very  generally  be- 
lieved to  be  fatal  to  vegetable  life.  Dr. 
Priestley  thus  having  kept  the  roots  of  several 
plants  in  water,  impregnated  with  the  carbonic 
acid,  observed  they  all  perished ;  and  in  those 
instances  where  plants  are  observed  to  vegetate 
in  water,  or  in  air,  which  contains  this  gas,  the 
quantity  of  gas  is  very  small.  M.  Senebier  has 
even  observed,  that  plants  which  are  suffered 
to  grow  in  water,  slightly  acidulated  with  this 
gas,  emit  a  larger  quantity  of  oxigenous  gas ; 
because,  in  this  case,  the  acid  is  decomposed, 
the  carbonaceous  principle  combines,  and  is 
fixed  in  the  vegetable,  while  the  oxigene  is 
thrown  off*.  But  the  validity  of  this  opinion  has 
lately  been  doubted  by  a  very  accurate  and  able 
experimentalist. 

"  Fixed  air,'*  says  Mr.  Henry,  "  is  now  ge- 
nerally allowed  to  be  formed  by  a  combination 
of  phlogiston  with  the  pure  part  of  atmospheric 
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air."  Dr.  Priestley  and  others  insist,  that  the 
first  of  these  ingredients  is  favourable  to  vege- 
tation, while  plants  droop  and  decay,  when  ex- 
posed to  the  adion  of  the  latter.  But  why  may 
we  not  suppose,  that  though  fixed  air,  when 
pure,  may  be  fatal  to  plants  confined  in  it,  and 
excluded  from  free  communication  with  the 
common  air,  yet  when  applied  in  proper  quan* 
titles,  and  to  plants  enjoying  a  free  intercourse 
with  the  atmosphere,  it  may  have  a  contrary 
efTed,  and  serve  to  nourish  and  support  them  ? 
From  Dc.  Ingenhouz's  experiments,  it  appears, 
that  plants  haVe  the  power,  of  separating  phlo- 
giston from  common  air,  applying  it  to  their 
nature,  and  throwing  out  the  pure,  or  dephlo- 
gisticated  residuum,  as  excrementitious.  Now, 
allowing  what  appears  very  probable,  that  they 
have  a  similar  power  of  decomposing  fixed  air, 
and  of  applying  and  rejeding  its  constituent 
parts,  fixed  air  may  be  equally  nutritious  to 
them.  Confined,  indeed,  in  close  vessels  with 
fixed  air,  plants  must  perish.  In  the  same  man- 
ner as  from  a  want  of  ^  communication  with  the 
atmosphere,  as  necessary  to  carry  off  the  phio^ 
glston  thrown  out  from  the  lungs,  an  animal- 
must  perish,  so  in  the  instance  of  a  vegetable, 
the  plant  must  die,  if  cut  off  from  the  air  of 
the  atmosphere  in  such  manner,  that  the  pure 
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air  excreted  by  its  vessels,  cannot  ,be  conveyed 
from  it.  For  in  these  circuiristances  this  fluid 
of  pure  air,  so  salutary  to  animal  life,  but  de- 
struftive  to  vegetable  existence,  must  be  ac- 
cumulated in  the  body  of  the  plant ;  and  its 
fundions  being  thus  impeded,  death  will  be  the 
necessary  consequence. 

This  reasoning  seems  ingenious,  and  probably 
may  be  just ;  but  as  it  militates  against  the  doc- 
trine generally  established,  of  fixed  air  being 
hurtful  to  vegetation,  I  shall  leave  the  exami- 
nation of  it  to  more  able  hands,  and  here  con- 
tent  myself,  with  a  point  which  to  me,  at  least, 
appears  less  questionable.  Vegetables  both 
meliorate  and  injure  air :  nor  are  either  caused 
by  heat  or  by  vegetation ;  but  merely  by  the  pre- 
sence or  the  absence  of  the  solar  light.  In  the  day 
and  in  the  light,  they  meliorate  the  air,  though 
heated  by  artificial  means,  they  yield  a  pernicious 
effluvium,  and  operated  upon  by  eleftricity,  are 
only  affedted  by  the  mechanical  impulsion; 
whereas,  in  the  absence  of  light,  they  shed  a 
mephitic  influence.  Thus,  in  the  first  instance, 
we  have  the  pabulum  vita ;  in  the  second,  the 
the  pestis  vita.  A  dephlogisticated  air  is  fouisd 
to  be  spread  around  vegetables  in  the  sun ;  a 
phlogisticated  air  in  the  absence  of  the  sun. 
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No  poison  is  more  subtile  than  the  air  which 
is  left  after  respirable  air  is  destroyed.  The  obco- 
nomy  of  vegetation,  in  these  particulars,  is  asto- 
nishing ;  and  there  is  no  subjeft  which  has  been 
more  industriously  or  successfully  attended  to  by 
philosophers.  Ingenhouz  was  the  first  who 
proved  the  great  truth,  that  plants,  when  exposed 
to  the  influence  of  the  light  of  the  sun,  correft 
the  vitiated  air  caused  by  the  breathing  of  ani- 
mals, and  other  phlogistic  processes ;  but  that 
placed  out  of  the  influence  of  the  sun,  they  infcA 
the  air  so  as  to  occasion  the  extindion  of  life  ;  a 
s'n,;le  plant  being  capable,  in  the  course  of  one 
night,  of  rendering  a  body  of  mephitic  air  of 
fifiy  t'mcs  its  own  bulk.  Vegetables  commence 
their  wholesome  task  shortly  after  the  sun  has 
risen  above  the  horizon.  It  is  then,  that  having 
shaken  off*  the  drowsiness  and  lethargy  of  the 
night,  they  begin  in  plentiful  showers  of  vital 
air,  to  correft  the  ncdlurnal  air  which  has  be- 
come vitiated.  This  operation  of  plants  is  more 
or  less  vigorous  according  to  the  brightness  of 
the  day,  and  the  situation  of  the  plants,  in  re- 
gard to  the  diredl  rays  of  the  sun.  When  shaded 
by  buildings,  or  by  other  means,  their  exhala- 
tions, so  far  from  being  serviceable  to  the  ani- 
mal oecono:ny,  are,  on  the  contrary,  essentially 
poisonous.     The  stream  of  good  air  begins  to 

subside 


r 


LETTER  XIX.  245 

subside  towards  the  dose  of  the  day,  and  ceases, 
in  general,  entirely  after  the  sun  is  set. 

In  the  elaboration  of  this  pure  air,  or  in  the 
elaboration  of  the  mephitic  air,  all  the  pans  of 
the  plant  are  not  engaged.  The  leaves,  the 
roots,  and  the  branches,  are  those  parts  alone 
which  are  employed.  In  general,  the  pure  air 
is  poured  from  the  inferior  surface  of  the  leaf. 
But  young  leaves,  and  those  that  have  not  ac- 
quired their  full  growth,  do  not  yield  either  so 
great  a  quantity,  or  of  so  good  a  quality,  as  those 
which  are  of  their  full  size,  or  which  are  even 
old.  All  leaves  are  not  equally  bountiful ;  many 

* 

of  the  aquatic  genus  are  found  to  be  the  most 
liberal;  nor  are  all  leaves  equally  pernicious 
during  the  night  and  in  the  shade.  Some,  how- 
ever, which  do  not  yield  to  any  in  their  diurnal 
operation  of  producing  good  air,  surpass  others 
in  their  power  of  infeding  the  common  air  dur- 
ing the  night  and  in  the  shade,  insomuch,  that 
in  a  few  hours  they  can  so  corrupt  a  great  mass, 
as  that  it  shall  give  almost  instantaneous  death  to 
an  animal  plunged  into  it. 

Flowers,  particularly  roses  and  violets,  always 
exhale  a  mortal  air,  and  vitiate  the  surrounding 
mass,  both  day  and  night,  both  in  the  light  and 
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in  the  shade.  Inclosed  with  atmospheric  air^ 
they  generate  a  dreadful  poison.  This  their 
mephitic  emanation,  however,  is  quite  different 
from  the  emanation  which  is  their  perfume. 
The  first  is  as  much  to  be  apprehended,  as  the 
other  is  innoxious  and  agreeable.  Roots  re* 
cently  taken  out  of  the  ground,  have,  in  gene* 
ral,  the  same  deleterious  qualities  as  flowers. 
Fruits,  even  the  most  delicious,  are  equally  per- 
nicious. Peaches,  like  flowers,  for  one  night, 
in  a  small  confined  bed-chamber,  would  so  poi- 
son the  air,  as  to  destroy  any  person  who  would 
venture  to  sleep  in  it.  Mushrooms  exhale  at  all 
times  a  mephitic  air ;  they  are  always  surrounded 
by  a  poisonous  atmosphere.  Sickl/  plants  lose 
their  faculty  of  elaborating  wholesome  air; 
though  they  retain  their  faculty  of  generating 
mephitic  air. 

As  the  heats  of  summer  decrease,  both  leaves 
and  fruits  grow  feeble  in  their  mephitic  opera- 
tions during  the  night  and  in  the  shade.  The 
nocturnal  emanations  of  leaves,  and  continual 
evaporations  of  flowers  and  of  fruits,  do  not 
diminish  in  quality  in  winter,  they  only  diminish 
in  quantity ;  and  this  seems  apportioned  to  ani- 
mal wants,  for  animal  respiration  is  less  vitiated 
in  winter  than  in  summer.     Evergreens  lose  in 
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Winter  almost  entirely  their  faculty  of  meliorating 
common  air,  but  preserve  the  power  in  the 
sun,  of  corred'ng  the  air  that  is  contaminated 
by  respiration,  land  by  other  phlogistic  processes. 
The  faculty  in  vegetables  of  giving  pure  air  in 
the  sun,  and  bad  air  in  the  shade,  augments  to* 
wards  the  spring,  according  to  the  vigour  of  ve- 
getation. The  diurnal  emanation  from  leaves 
is  simple ;  it  is  a  pure,  or  a  dephlogisticated  air, 
without  any  mixture  of  fixed  air;  but  the 
nodumal  is  a  compound  of  fixed  air,  and  of 
phlogisticated  or  inflammable  air.  Notwithstand* 
ing  all  this,  we  have  no  reason  to  complain, 
that  common  air  is  not  vital  air.  If  it  were,  we 
should  undoubtedly  respire  better,  but  all  the 
vegetable  world  would  perish.  And,  on  the 
*  other  hand,  were  it  more  loaded  with  phlogiston, 
plants  would  vegetate  better,  but  all  animated 
nature  would  perish.  The  bounty  of  Providence 
has  wisely  established  a  medium  by  which  the 
existence  of  both  is  maintained.  In  all  the  sur- 
prizing elaboration  of  these  fluids,  the  leaves 
are  the  principal  instruments;  the  varnished 
superior  surface  imbibes  the  essential  particles, 
which,  after  elaboration,  are  by  the  inferior 
poured  forth  in  pure  but  invisible  streams. 
While  the  heats  of  summer  prevail,  and  there 
is  consequently  a  tendency  to  corruption,  these 

streams 
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Streams  are  the  most  plentifuU     In  the^  winter, 
when   the  cold  stops  this  general  tendfthry  to 
corruption,  the  leaves,  being  no  longer  of  use, 
fall  off.  In  the  spring  they  again  appear.    Thus 
leaves  have  a  funftion,  which,  independent  of 
their  beauty,  should  make  us  look  upon  thera 
as   kind   co-operators  in    the  preservation  of 
animal  existence.     The  mephitic,  or  phlogistic 
emanations,  which  they  exhale  in  obscurity,  arc 
lighter  than  the  general  mass  of  the  atmosphere, 
and  consequently  ascend  and  leave  the  inferior 
regions  in  purity.     Hence,  the  atmosphere  is  as 
good  during  the  night  as  during  the  day  ;   and 
hence,  at  least  in  our  temperate  climates,  the  at- 
mosphere is  best  in  the  height  of  summer  and 
in  the  height  of  winter;  for  in  the  first,  the 
vegetable  world  is  in  its  greatest  vigour ;  and  in 
the  second,  the  general  tendency  to  corruption 
has  ceased.     I  have  wandered,  however,  a  little 
too  far  from  the  point  we  were  engaged  upon, 
the    universality  of   the  aerial   acid,   or  fixed 
air. 

To  return  therefore  to  our  main  subjcfl: ;  the 
genuine  mineral  spirit  which  gives  charadler  and 
life  to  cold  mineral  waters,  has  at  length,  by  in- 
controvertible experiments,  been  shewn  to  be  al- 
together the  same  with  fixed  air.  It  is  the  prin- 
ciple 
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cipk  which  IS  common  to  the  Seltzer,  Spa,  and 
Pyrmoi^t  waters  ;  though  different  salts,  in  diffe- 
rent proportions,  determine  the  different  species 
of  these  waters.  Hence  water,  by  bare  impreg- 
nation with  fixed  air,  cannot  properly  be  called 
either  of  them.  *  The  elastic  fluids,  indeed, 
cxtrafted  from  mineral  waters,  are  commonly 
said  to  be  three ;  namely,  fixed  air,  inflammable 
air,  and  phlogisticated  air.  Sometimes  one  or 
two,  and  sometimes  even  all  three  are  found  to* 
gether  in  the  same  mineral  waters.  In  some  in- 
stances, however,  they  are  so  loosely  mixed  with 
the  water,  that  by  mere  exposure  to  the  open 
air,  they  escape  in  a  short  time ;  while  on  the 
contrary,  in  other  cases,  a  very  long  boiling  is 
hardly  sufficient  to  expel  them.  But  besides 
these,  very  minute  particles  of  flint,  lime,  mag- 
nesia,  and  clay,  are  sometimes  found  mecha- 
cically  suspended  in  water.  The  argillaceous 
particles  obscure  its  transparency,  and  render  it 
of  an  opal  colour :  the  others  occasion  variations 
which  are  less  observable,  because  the  subtilty 
of  their  particles,  and  the  surrounding  waters, 
render  them  transparent.  But  various  substan- 
ces are  found  united  with  water,  and  with  each 
other  more  intimately,  that  is,  by  means  of  chy- 
mical  solution.     Pure  air  is  contained  in  most 

waters. 
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waters.  Aerial  acid  is  found  in  every  water.  In- 
flamotiable  air  sometimes  issues  from  waters.  The 
other  acids  are  only  in  a  disengaged  state,  found  in 
waters  accidentally ;  as  for  instance,  the  sulphu- 
rous acid  in  the  mephitic  waters,  which  have  the 
property  of  discolouring  silver.  Vegetable  alkali 
is  seldom  found  dn  waters ;  mineral  alkali  often ; 
volatile  alkali  sometimes ;  terra  ponderosa  some* 
times ;  lime  frequently;  magnesia  not  so  frequent- 
ly. Vitriolated  clay,  or  alum,  is  rarely  found ;  mu- 
riaced,  or  salited  clay,  sometimes.  Among  the 
metals,  iron  is  more  frequently  discovered  in  wa- 
ters. Manganese  has  not  yet  been  found.  Copper 
has  only  been  found  vitriolated ;  arsenic,  very  rare- 
ly. Water  is  sometimes  contaminated  with  extra£ts 
from  animal  and  vegetable  substances.  '^  I  could 
not,  however,"  says  Bergman,  "  discover  any 
certain  signs  of  bituminous  oil,  it  being  immis- 
cible with  water,  unless  by  means  of  an  alkali." 
Petroleum,  agitated  with  distilled  water,  sepa- 
rates again  upon  standing.  It  must  be  acknow- 
ledged, however,  that  the  water,  even  after  the 
most  careful  filtration,  still  retains  a  strong  bitu- 
minous smell.  These  heterogeneous  matters  are 
never  found  all  together,  but  are  more  or  less 
numerous  in  different  waters.  Thus  some  of 
them  are  contained  in  atmospheric  waters ;  others' 

in 
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in  those  found  on  the  surface  of  the  earth ;  and 
finally,  others  in  sea  water. 

This  enumeration  of  the  extraneous  substances 
discovered  in  mineral  waters,  would,  with  more 
propriety,  perhaps,  have  found  its  place,  when 
the  element  itself  of  water  shall  be  brought  be- 
fore us.  But  it  was  difficult  to  separate  what  so 
perpetually  are  seeii  blended.  Fixed  air  is  always 
found  in  water,  and  hence,  though  in  less  pro- 
portion in  some  than  in  others,  it  universally 
must  be  looked  upon  as  an  invariable  attendant, 
though  not  as  a  constituent  part  of  the  fluid  of 
water.  From  fixed  air,  therefore,  which,  blended 
with  inflammable  air,  was  erroneously  at  first 
supposed  to  constitute  common  air,  we  shall 
proceed  to  a  consideration  of  what  is  termed 
the  phlogisticated  air. 

We  have  already,  and  pretty  much  at  large, 
entered  into  the  subjeft  of  fire ;  but  whether  it 
be  a  fluid  of  a  nature  peculiar  to  itself,  which 
was  created  such  as  it  is,  and  cannot  be  altered 
in  its  nature  or  properties,  destroyed  or  pro- 
duced ;  whether  it  be  generateid  or  let  loose  by 
motion  and  collision ;  or  whether  it  passes  to 
us  in  a  palpably  heated  state  from  the  sun ;  it  is 

generally 
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generally  admitted,  by  at  least  the  old  chymlcal 
school^  that,  besides  the  fluid  fire,  univer- 
sally diffused,  there  is  a  fire  which  enters  in 
different- proportions  into  the  composition  of  all 
animals,  vegetables,  and  most  minerals  ;  and  in 
that  condensed,  compacted,  fixed  state  has  been 
deemed  phlogiston.  Thus,  says  Priestley,  "there 
is  no  animal  or  vegetable  substance  whatever, 
nor  any  mineral  substance  that  is  inflammable, 
but  what  will  yield  a  great  quantity  (of  this 
phlogiston),  as  inflammable  air,  when  urged  by 
a  strong  heat.  This  air  kills  animals  as  suddenly 
as  fixed  air,  and,  as  far  as  can  be  conceived,  in 
the  same  manner,  throwing  them  into  convul* 
sions,  and  thereby  occasioning  death.  The 
composition,  indeed,  of  this  inflammable  air 
seems  chiefly,  if  not  wholly,  to  consist  of  the 
union  of  an  acid  vapour  with  phlogiston."  * 
Water,  it  is  probable,  always  contains  a  certain 
portion  of  it ;  for  by  agitation  in  water,  it  loses 
its  inflammability,  so  as  to  be  fit  for  respiration. 
Of  all  bodies,  however,  it  is  one  of  the  most 
combustible  in  nature,  a^.d  yet  it  will  not  burii 
without  the  contadl  of  other  air.  The  finer  the 
air,  the  greater  its  rapidity  ;  and  consequently  it 
16  the  most  violent  in  dephlogisticated  air. 

ThU 

♦  Prieitley. 


LETTER   XIX.  253 

This  very  subtile  matter  of  phlogiston  ad- 
mits, like  the  aerial  acid,  of  two  states,  a  state 
of  combination,  and  a  state  of  freedom.  *  In 
the  former  it  enters  into  the  strudure  of  bodies, 
eludes  all  our  senses,  and  can  only  be  recog- 
nized by  its  efFefts;  for  which  reason,  some  have 
supposed  it  to  be  a  fidlitious  substance,  and  to- 
tally impalpable,  but,  probably,  without  rea- 
son. Priestley  and  Kirwan  have,  to  their  own 
satisfadion,  demonstrated  its  existence,  both 
analytically  and  synthetically.  This  principle, 
when  in  combination  (and  then  it  is  properly 
called  phlogiston) may  be  set  loose  by  various  me- 
thods :  having  recovered  its  elasticity,  and 
gained  an  aerial  form,  by  a  proper  increase  of 
specific  heat,  it  receives  the  namd  of  inflam- 
mable air.  Phlogiston  is  perhaps  to  be  found 
in  all  bodies,  though  in  many  it  7s  concealed  by 
its  exility.  The  quantities  of  it,  however,  to 
be  acquired  from  certain  substances  are  prodi- 
gious. 

An  ounce  weight  of  lead  contains  100  ounces 
measure  of  phlogiston. 

Ditto  of  tin 377  ditto 

Ditto  of  copper  .-.----.  403 

Ditto  of  blue  vitriol  of  copper  -  909 

An 

•  Bergman. 
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An  ounce  of  bismuth 185 

Ditto  of  iron -.--.  890 

In  contradistinftion  to  the  pernicious  quaUties 
of  this  air,  of  which  we  shall  treat  more  fuUy 
hereafter,  there  arc  two  others,  which,  though  in 
dissimilar  ways,  are  yet  of  considerable  impor* 
tance ;  1  mean,  dephlogisticated  and  nitrous  air. 
The  lauer,  indeed,  is  the  phlogiston  of  copper, 
generated  by  the  nitrous  or  vitriolic  acid  and  cop- 
per, and  being  established  as  the  test  or  criterioQ 
of  all  other  airs,  is  called  the  trial  air.  This  air, 
however,  though  highly  noxious  to  animal  and . 
vegetable  life,  is  yet  in  its  deleterious  qualities, 
apparently  counterbalanced  by  its  remarkable 
property  of  hindering  putrefaftion ;  so  that  seve- 
ral substances  may  be  preserved  in  it  uncorrupt 
for  a  considerable  time.  After  long  keeping,  it  is 
true  they  become  offensive  *  both  to  the  scent 
and  to  the  palatC)  though  the  smell  ts  not  alto- 
gether that  of  putrefaction ;  and,  indeed,  the  sub- 
stance continuing  quite  firm,  it  could  not  be 
properly  putrid.  "  Nitrous  air,*'  says  Priestley, 
"  consists  of  the  nitrous  acid  vapour,  united  to 
phlogiston ;  together,  perhaps,  with  some  small 
portion  of  the  metallic  calx.  It  not  only  pre* 
serves  substances,   but  restores  those  chat  are 

^  already 
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already  putrid^  and  that  in  a  far  greatet  degree 
than  fixed  air.  Ic  is  to  be  procured  not  only 
from  copper,  but  from  all  the  perfect  metals,  by 
spirit  of  nitre,  lead  excepted ;  and  from  all  the 
semi-metals,  zink  excepte(i.  Long  exposed  to 
a  large  surface  of  iron,  it  has  the  most  deadly 
consequences.  Animals  die  the  moment  they 
are  put  into  it,  notwithstanding  a  candle  will 
burn  in  it  freely  at  the  same  time.'*  "  In  regard 
to  nitrous  acid,"  says  Bergman,  "  it  may  be 
conjedured  that,  in  small  proportions,  it  is  a  con- 
stituent part  of  dephl(^isticated  air,  or  that 
phlogisticated  air  is  nitrous  acid,  with  a  larger 
proportion  of  phlogiston  than  nitrous  air.''  Tq 
the  latter  supposition  Mr.  Cavendish  also  evi* 
dently  inclines,  and.  observes,  in  conformity 
to  it,  *'  that  part  of  tly  phlogisticated  air,  with 
which  the  vital  air  is  debased,  is,  in  his  experi- 
ment, converted  into  nitrous  acid,  by  the  strong 
affinity  of  the  latter  to  phlogiston*  The  com^ 
mon  office  of  nitrou3  acid  is  merely  to  dephlo- 
gisticate  water* 

The  other  important  air  which  I  mentioned 
above,  the  dephlogisticated  or  vital,  is  of  so 
great  consideration,  as  to  have  amply  requited 
the  pains  which  have  been  taken  towards  its  in* 
vestigation.    Some  deduce  it  from  the  dephlo* 

VOL.  i«  R  gistication 
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gisctcation'  of  the  aerial  acid  ;  Scheele  from  ttye 
decomposition  of  beat.  Ooe  circumstance^  how- 
ever, relative  to  it  is  certain,, that  there  is  no 
place  upon  earth  yet  discovered,  where  it  is 
found  naturally,  like-  fixed  or  inflammable  air, 
though  it  is  to  be  obtained  from  certain  substan* 
ces,  by  various  processes.  In  the  works  of  some 
old  authors,  some  fttint  ideas  are  to  be  found  of 
an  elastic  fluid  purer  than  common  air,  *  especi- 
ally in  some  trafts  of  Dr.  J.  Mayow,  which  were 
published  at  Oxford  in  the  year  1674;  but  their 
notions,  however  to  be  admired,  were  not  only 
unsupported  by  decisive  experiments,  but  were 
exceedingly  confused,  and  so  involved  in  con- 
jefture,  that  they  can  hardly  be  supposed  to  have 
afforded  any  light  to  the^  modern  philosophers 
who  have  discovered  that  admirable  elastic  fluid, 
and  have  ascertained  many  of  its  interesting  pro- 
perties. Pri«  tley  was  the  first  who  discovered 
it  in  this  country,  and  from  its  containing  a  very 
small  share  of  phlogiston,  distinftly  identified  it 
by  the  appellation  of  dephlogisticated  air.  At 
the  same  time,  Scheele,  of  Sweden,  was  labouring, 
and  as  efTedtually,  towards  the  like  discovery. 
Ignorant  of  each  other's  views  and  experiments, 
these  able  men  strove  to  attain  the  same  great  end, 
and  separately  atchieved  it.  Both  the  one  and  the 

other, 
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otber^  therefore,  are  entitled  to  the  hooour  of 
the  discovery.  Scheele  called  the  pure  elastic 
fluid  he  discovered  empyreal  air. 

Dephlogisticated  air  may  be  obtained  from  all 
6orts  of  substances,  whether  vegetable,  aoimal, 
'  .or  mineral,  when  mixed  with  nitrous  acid,  and 
exposed  to  a  sufficient  degree  of  heat,  provided 
Xhose  substsmces  be  first  deprived  of  phlogiston.' 
From  some,  indeed,  more  of  it  can  be  obtained 
than  from  others,  as  metallic  calces,  and  calca*- 
reous  earth.     In  short,  substances  of  every  sort, 
when  mixed  with  nitrous  acid,  and  a£ted  on  by 
a  sufficient  heat,  produce  an  elastic  fluids  which, 
if  it  contains  much  phlogiston,  is  nitrous  air ;  if 
the  quantity  of  phlogiston  contained  is  very 
small,  it  is  fixed  air ;  and  if  the  substance  is  very 
much  dephlogisticated,  the  produce  is  pure  de- 
phlogisticated air.     The  purity  of  this  air  is 
lrt>undant}y  striking.   It  takes  up  a  greater  quan- 
tity of  phlogiston  than  any  other  air,  and  is  con- 
sequently the  longest  fit  for  animal  respiration. 
^*  It  is,  in  a  word,'*  says  Priestley,  "  five  times 
as  pure  as  common  air ;  animals  will  live  in  it 
five  times  as  long;   a  candle  will  burn  in  it 
with  five  times  as  much  lustre ;  and  inflammable 
air  fired  into  it  will  report  ^  many  times  louder 
than  in  common  air.'*    A  very  remarkable  cir- 

R,  2  cumstanct 


258  L^ETTER   XIX* 

cumstance,  hiwever^  attending  this  air  is,  that 
the  caly^  for  instance,  of  a  metal,  whence  it  shall 
be  derived,  is  heavier  than  the  metal  itself. 
Thus  one  hundred  weight  of  lead  turns  out 
one  hundred  and  twelve  weight  of  calx.  The 
metal,  during  its  calcination,  draws  from  the 
general  atmospheric  stock  a  great  abundance  of 
this  purer  fluid,  which  it  greedily  imbibes,  and 
preserves  in  a  concrete  form.  The  calx,  which 
contains  the  most  dephlogisticated  air,  is  that  of 
quicksilver,  commonly  known  by  the  name  of 
red  precipitate. 

• 
In  our  enquiries  into  fixed  air,  one  of  the  sub- 
stances most  plentifully  yielding  it,  we  established, 
on  good  authority,  to  be  calcareous  earth.^  But 
Mons.  Bertholet  says,  **  that  no  aerial  acid  is 
disengaged,  but  only  atmospheric  air,  which 
gradually  becomes  more  and  more  pure,  and  is 
at  last  very  pure  dephlogisticated  aif."  **  A 
problem,  however,"  observes  Bergman,  "  which, 
though  highly  worthy  of  it,  has  not  yet  been 
sufficiently  investigated.**  But,  be  this  as  it 
may,  the  very  great  puiity  of  the  dephlogisticat- 
ed air  rendered  ingenious  men  desirous  of  turning 
it  to  that  end,  by  which  alone  discoveries  are  made 
respeftable,  the  good  of  mankind.  Accordingly 
it  uas  conceived,  that  in  those  fatal  diseases  of 

the 
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the  lungSy  which  several  climates  abound  in^  it 
might  be  particularly  beneficial.  *  "  Persons  af- 
fefted  with  those  disorders,"  said  they,  "  are 
often  conveyed  into  distant  places  for  the  sake  of 
breathing  a  kind  of  air,  which,  at  most,  is  very 
little  better  than  the  air  of  their  aAual  dwelling 
places ;  whereas,  by  using  this  artificial  air,  they 
might  save  the  inconveniencies  of  travelling,  and 
breathe  an  elastic  fluid  incomparably  better  than 
the  air  of  any  country  upon  earth/' 

• 

Pure  dephlogisticated  air,  which  possesses  both 
a  fixed  fire  and  an  acid,  agreeably  to  Lavoisier, 
It  is  certain,  might  be  of  utility  as  a  medicine  ;'f 
but  it  is  natural  to  believe  it  would  be  pernicious 
for  the  body  in  health  ;  for  as  a  candle  burns  out 
much  faster  in  dephlogisticated  than  in  common 
air,  so  it  may  be  inferred  that  the  animal  powers 
would  be  too  soon  exhausted  in  so  pure  an  at- 
mosphere, and  that  we  should  live  out  too  fast. 
Moreover,  it  is  cenain  that  animals  will  not  live 
in  dephlogisticated  air,  as  they  will  In  atmo- 
spheric air;  that  is,  until  they  have  com- 
pletely phlogiscicated  the  whole  aerial  fluid.  I 
have  already  mentioned  the  deleterious  powers 
jof  the  fixed  air.    In  addition,  however,  to  what 

R  3  I  have 
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I  have  said,  it  may  not  be  amiss  to  tell  you/ that 
the  volatile  alkali^  applied  to  the  nostrils;  or 
mixed  in  water,  poured  down  the  throat,  has 
been  known  to  restore  life  to  a  man  who  was 
supposed  completely  suffocated  by  the  acid  va* 
pour  of  charcoal,  which  is  nothing  but  fixed 
air ;  as  it  has  been  known  to  bring  back  life  to 
another,  who  was  suflSbcated  by  the  vapour  of 
the  vinous  fermentation.     Apoplexies  have  even 
been  cured  by  it.     Boeiiiaave  says,  that  once^ 
being  deeply  employed  in  an  experiment,  an  acid 
vapour  seized  upon  the  vital  powers,  and  that 
he  should  infallibly  have  died,  had  he  not  had  an 
elkaline  spirit   close  at  hand»  which   he  im- 
mediately applied  to.    In  less  alarming,  but 
really  dangerous  emergencies,  it  has  been  found 
of  ei&cacy,  particularly  in  excess  of  intoxication. 
A  man  totally  bereft  of  his  senses  by  drink,  has 
been  rendered  sober  by  having  twelve  or  fif- 
teen drops  of  this  alkali,  mixed  in  water,  pour- 
ed down  his  throat.,    The  pain  of  bums,  which 
is  chymically  supposed  to  be  caused  by  the  ac- 
tion of  the  igneous  acid,  is  instantly  mitigated 
by  the  application  of  alkalis:  even  a  coup  de 
soUil  is  to  be  counteraded  by  the  external  ap- 
plication of  one  part  of  volatile  alkali,  blended 
with  eight  or  ten  parts  of  water ;  and  by  the 
internal  application,  as  I  have  said  above,  of 

twelve 
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twelve  or  fifteen  drops  mixed  in  water.*  This  is 
Worth  remembering.  In  regard  to  nitrous  air, 
as  we  have  above  seen,  it  has  long  been  known 
to  have  the  property  of  preserving  bodies ;  but, 
in  regaiKl  to  phlogisticated  air,  it  was  not  until 
Mons.  Charles  discovered  it,  that  that  inflam- 
roable^  gas  was  proved  not  only  to  have  tfie 
property  of  extinguishing  life,  but  also  of  dis-^ 
solving  the  animal  texture.  Here  then,  may  we 
not  ask,  in  the  words  of  Sage,  if  this  inflam- 
mable air,  which  we  inhale  from  the  atmosphere, 
does  not  serve,  in  some  manner,  to  dissolve  the 
aliments  of  animals,  •  and  to  turn  them  properly 
into  attenuated  and  nutritious  chyle  i 

•  Sage. 
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From  the  general  glance  which  we  have 
thus  cast  Upon  the  principal  of  the  permaneDtl^r 
elastic  fluids,  we  have  been  enabled^  at  least, 
to  establish  a  conviftion  of  their  very  high  im- 
portance in  the  general  chain  of  terrestrial 
nature.  But  there  are  yet  more  familiar  lights; 
in  which  they  are  to  be  placed  ;  I  mean  the 
powerful  and  uniform  effefts  which  they  have 
upon  the  animal  and  vegetable,  as  well  as  upon 
inanimated  nature.  Under  this  view,  therefore, 
we  shall  again,  for  a  moment,  consider  them. 

Plants  and  animals,  as  I  have  already  said,  aft 
reciprocally  on  air,  for  each  other's  advantage ; 
.  the  breath  of  animals  corrupts  the  air ;  the  air  so 
corrupted  becomes  more  nourishing  to  phmts ; 
and  the  respiration  observable  in  plants,  is  the 
reverse  of  that  in  animals.  *  The  latter  take  in 
pure  air,  and  send  it  out  foul  and  phlogisticatcd. 
Plants  take  in  this  foul  air,  and  return  it  pu* 
rified ;  and  this  is  simply  analc^ous  to  their  fa«* 

culcy 
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ttilty  of  elaborating  sweet  juices  from  impure 
earth  and  manure.     The  sun  raises  a  pure  air 
from  plants ;  whence  the  atmosphere  in  the  day- 
time is  rendered  more  wholesome  than  in  the 
,  night ;  for  plants  in  the  night,  or  in  the  shade^ 
have  a  contrary  effeft  upon  the  air ;  but  their 
bad  tfftOi  in  the  night  is  not  nearly  so  great  as 
their  good  efFeft  in  the  day.     Flowers  always 
hurt  it  both  day  and  night.     Water  plants  are 
remarkably  vigorous  in  their  faculty  of  yielding 
pure  air  to  correft  the  inflaminablc  air,  which 
is  bred  by  the  soil  in  low   marshy  grounds. 
Thus  the  best  remedies  are  produced,  in  every 
region,  for  its  native  evils  ;.and  thus  do  all  things 
work  together  for  the  general  good. 

*^  The  effluvia  of  human  bodies,'*  says 
Arbuthnot,  *^  and  the  same  in  some  degree  of 
other  animals,  are  extremely  corruptible  ;  and 
so  is  the  water  in  which  people  bathe,  *  by  re- 
taining cadaverous  particles.  Less  than  three 
thousand  human  creatures,  living  within  the 
compass  of  an  acre  of  ground,  would  make  an  ' 
atmosphere  of  their  own  steams,  aboift  seventy- 
one  feet  high,  which,  if  not  carried  away  by  the 
winds^  would  turn  pestiferous.  Owing  to  this 
circumstance,  the  air  of  prisons  often  produce 
mortal  diseases;  and  ships  crews  turn  sickly  in 
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bays  and  harbours^  who  would  be  healthy  in  the 
open  seas.    * 

That  the  air  which  passes  from  the  lungs  is 
highly  mephitic, '  is  easily  proved^  by  breathing 
five  or  six  times  into  a  glass  vessel^  and  by  then 
putting  a  lighted  candle  into  it,  the  candle  will 
inststntly  be  extinguished ;  but  introduce  a  fresh 
plant  into  the  vessel,  and  then  immerse  the  vessel 
in  water,  so  as  that  the  newly  generated  air  shall 
not  escape,  and  it  will  be  so  altered,  as  to  be 
rendered  thoroughly  pure  and  wholesome,  and, 
of  course,  the  candle  will  bum  in  it  with  the 
greatest  freedom.     The  manper  in  which  phlo- 
giston thus  taints  air,  may  be  in  this  familiar 
way  exemplified.     A  lighted  taper  placed  under 
3  glass,  or  other  close  cover,  will  preserve  its 
flame,  until  the  interstices  between  the  particles 
of  the  enclosed  air  shall  be  saturated  with  the 
phlogistic  matter,  and  shall  be  capable  of  con- 
taining no  more.     In  like  manner,  if  a  lighted 
taper  under  a  glass  cover  be  immersed  in  water, 
the  flame  will  continue  in  vigour,  until  the  sur* 
rounding  air  shall  begin  to  be  contaminated  by 
the  phlogiston  from  the  taper.  It  will  then  gra- 
dually die  away,  and  at  length  go  out  altogether. 
And  hence  the  experimentalist,  who  descends 
into  a  diving  bell,  repeatedly  falls  the  sacrifice  to 

the 
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the  air  which  he  has  breathed.  That  which 
passes  from  hinn^self,  he  is  frequently  obliged  to 
inhale,  and  thus  every  expiration  adds  to  the 
mephitic  quality  of  the  surrounding  fluid,  and 
consequently  so  loads  ic  with  phlogiston,  that 
unless  there  be  a  fresh  supply  of  atmospheric  or 
dephlc^isticated  air,  the  vital  principle  ^wiU  be 
inevitably  destroyed. 

Animal  effluvia,  even  from  the  living  body,  wc 
thus  see,  are  highly  pernicious  :  when  accumu- 
lated, and  repeatedly  respired,  they  are  fatal  to  the 
animal  oeconomy ;  they  diminish  the  energy  of  the 
brain  and  nervous  system,  and  weaken  the  adtion 
of  the  heart  and  arteries.   The  Count  de  Milly, 
of  the  Royal  Academy  of  Sciences  at  Paris,  un* 
dertook  various  experiments  to  ascertain  the  re-*- 
ality  of  the  animal  emanations,  and  at  length  very 
satis&dtorily  proved,  that  the  animal  air  which 
issued  from  his  body  in  a  bath,  w^  difierent  from 
the  air  of  the  atmosphere,  and  had  properties 
that  gave  it  a  striking  resem{)lance  to  what  we  call 
fixed  air.    The  pulmonic  air,  indeed,  sent  forth 
by  respiration,  is  nothing  else  than  a  mixture  of 
fixed  air,  difiused  through  a  large  quantity  of 
common  air,  by  which  the  former  is  carried  off, 
and  the  pernicious  efiedts  of  its  accumulation 
are  prevented ;  and  this  explains  the  principle 
.2  of 
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of  suiFocation,  and  the  danger  of  dose  crowded 
apartments,  in  which  the  introdudicm  of  com- 
mon ail*  being  obstrudted,  the  emanations  of 
fixed  air,  or  animal  gas,  gain  the  ascendant. 
Priestley,  however,  says,  "  that  it  is  respiration, 
and  not  perspiration,  which  injures  the  air."  But 
it  seems  pretty  eviderit,  that  both  one  and  the 
other  tend  to  the  accumulation  of  the  mephitic 
fluid. 

Odour,  the  old  chy mists  said^  was  an  in- 
dication of  that  which  modern  chymists  have 
proved  to  be  phlogiston.  The  most  delicate 
flower,  as  I  have  already  observed,  considerably 
injures  air.  For  instance,  nothing  is  sweeter  than 
a  rose,  and  yet  the  efiluvia  from  a  rose  are  far 
from  being  favourable  to  the  air  in  which  they 
are  confined.  In  a  certain  quantity  of  atmo* 
spheric  air,  the  air  they  would  yield  woiJd  be  so 
noxious,  that  tin  animal  would  immediately 
expire  in  it.  And  hence  the  odours  which  arise, 
copiously  from  bodies,  without  diminishing  their 
weight,  may  be  supposed  to  be  occasioned,  not 
by  an  aftual  difilision  of  the  substance,  but  by 
the  modification  of  the  more  subtile  phlogistic 
spirit  which  is  continually  passing  through  their 
pores.  But  many  of  the  discharges,  especially 
from  the  surface  of  the  body,  and  from  the 

lungs. 


LETTER   XX.  267 

lungs,  are,  even  in  the  most  healthy  persons,  in 
a  state  not  very  remote  from  putrefaction  ;  but 
in  persons  labouring  under  disease,  they  arc  still 
of  a  more  noxious  nature**  Nor  arc  we  to 
stop  even  here.  Fresh  meat,  even  without  the 
least  sign  of  putrescency,  phlogisticates  com- 
mon air  to  a  great  degree,  and  in  a  very  short 
time.  This  inflammable  air,  or  phlogiston,  (for, 
like  ice  and  the  vapour  of  water,  they  are  one 
and  the  same  substance)  is  rendered  pure  and 
wholesome,  by  that  which,  in  a  state  of  decay, 
is  equally,  if  not  in  ^  superior  degree,  deleterious, 
I  mean  the  vegetable  kingdom. 

Animal  substances  have  at  all  times  a  strong 
disposition  to  putrefadtion,  while  the  tendency 
to  it  in  vegetables  is  slow ;  and  the  reason  pro- 
bably is,  ^hat  the  air  in  animals  is  mostly  \n^ 
flammable,  but  that  in  vegetables  fixible.  How- 
ever this  may  be,  it  is  an  indisputable  fa£b,  that 
putrid  air  is  rendered  v/holesome  by  the  means 
of  vegetation  perfectly  in  health,  and  the  plants 
growing  in  situations  natural  to  them,  -f-  The 
noxious  effluvium,  or  phlogiston,  is  in  some  mea- 
sure  extracted  fconi  the  air  by  means  of  the 
plants,  or  the  phlogiston  of  the  air  unites  with 
their  exhalations,  and  they  thereby  render  the 

remainder 
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remainder  more  fit  for  respiration.  They,  iq 
short,  imbibe  the  superabundant  phlogiston; 
for  fluid  fire,  as  well  as  fluid  air,  is  imbibed  by 
plants  in  their  growth.. 

In  the  whole  oeconomy  of  foature  we  in  this 
•  manner  see,  that  one  substance  purifies  another. 
Thus  fire  purifies  water.  It  purifies  it  by  dis- 
tillation, when  it  raises  it  in  vapour,  and  lets  it 
fall  in  rain ;  and  farther  still  by  filtration,  when 
keeping  it  fluid,  it  suffers  that  rain  to  percolate 
the  earth.  *  Animal  substances,  when  mixed 
with  earth,  and  applied  as  manure,  are  converted 
into  sweet  vegetables;  and  putrid  substances, 
mixed  with  air,  may  in  the  same  manner  be 
supposed  to  have  a  similar  efTcft ;  but .  flowers 
and  fruits,  we  have  already  observed,  and  even 
the  roots  of  plants,  when  kept  out  of  ground, 
generally  yield  bad  air,  and  contaminate  the  at- 
mospheric air,  especially  in  the  night.  Yet,  the 
leaves  of  these  plants,  while  growing,  struck 
by  the  rays  of  the  sun,  arc  sources  whence  ex- 
hale a  continual  torrent  of  pure  air,  destined  tp 
renovate  the  atmosphere. 

Plants,  as  I  have  already  explained,  begin  to 

yield  dephlogisticated  air  a  few  hours  after  the 
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sun  has  made  his  appearance,  and  cease,  'in  ge- 
neral, with  the  close  of  the  day.  In  a  clear  day, 
they  yield  more  than  when  it  is  cloudy-     It  is 
also  greater  when  the  plants  are  more  exposed 
to  the  sun,  than  when  they  are  situated  in  shady 
places.    From  all  which  it  is  demonstrable,  that 
the  damage  done  by  plants  in  the  night-time, 
is  more   than  counterbalanced  by  the  benefit 
they  afford  in  the  day-time.     By  a  rough  calcu- 
lation, it  has  been  found  that  the  poisonous  air, 
yielded  during  the  whole  night  by  any  plant, 
could  not  amount  to  the  one-hundred  part  of 
the  dephlogisticated  air^  which  the  same  plant 
yielded  in  two  hours  in  a  fine  day.     Plants,  in 
•themselves,  do  not  generate  dephlogisticated  air, 
they  merely  filtrate  the  common  air,  and  sepa- 
rate the  phlogiston  from  it ;  which  phlogiston  is 
absorbed  by  the  plants,  and  incorporated  into 
their   nature.    In  this  operation  they  do  just 
the  contrary  of  what  is  performed  by  animals  : 
they  in  their  vegetation  absorb  phlogiston  from 
the  air;  whereas  animals,  by  their  respiration,  se- 
parate the  phlogiston  from  the  bodies,  and  give 
it  to  the  air.     Hence  it  is  that,  phlogiston  be- 
ing one  of  the  principal  nutriments  of  vege- 
tables, vegetation  is  so  strong  in  the  neighbour- 
hood of  large  towns ;  for  large  towns,  from  the 
number  of  fires,  the  breathing  of  multitudes^ 

and 
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and  various  other  phlogistic  processes^  send  into 
the  atmosphere  a  prodigious  quantity  of  phlo- 
giston, which  being  afterwards  precipitated,  or 
caught  by  the  leaves,  gives  them  a  vigour  and 
growth  greatly  superior  to  those  in  the  country  ; 
of  this  you  may  easily  be  convinced  by  experi- 
ment :  for,  puc  two  vegetables  under  glass  jars, 
as  nearly  alike  as  possible,  and  serve  the  one 
with  phlogisticated,  and  the  other  with  atmo- 
spheric air,  the  former  you  will  find  shall  be 
strong,  healihy,  and  considerably  grown,  while 
the  latter  shall  have  lost  its  colour,  be  yellow, 
sickly,  and  drooping. 

» 

The  very  weights  of  phlogisticated  anddephlo- 
gisticated  airs,  as  we  have  already  seen,  are  cat* 
culated  by  nature  for  our  benefit ;  for  the  former 
being  specifically  lighter,  tends  direftly  upwards, 
dnd  consequently  continually  recedes  from  us; 
whereas  the  latter,  being  specifically  heavier,  as 
soon  as  it  is  yielded  by  the  leaves  of  plants, 
tends  downwards.  *  In  regard  to  vegetation, 
observes  Priestley,  ^^  It  is  remarkable,  that  wells 
have  been  injured  by  being  cleansed.  .The 
green  matter  which  sometimes  is  seen  to  grov 
on  the  top  of  the  water,  in  many  instances,*' 
says  he,  '^  keeps  the  water  sweet,  by  imbibing 

the 
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the  phlogistic  matter  which  it  discharges  in  its 
tendency  to  putrefaftion.  Take  that  green  sub- 
stance away,  and  the  water  will  become  foetid, 
and  unfit  for  use,  and  will  continue  so  until  the 
sides  and  top  of  the  reservoir  of  water  shall  again 
grow  foul.  This  was  Priestley's  idea  some  years 
ago,  but  I  do  not  know  that  he  continues  of  the 
same  opinion*  Many  naturalists,  as  well  as  he, 
conceived  this  substance  to  be  neither  animal 
nor  vegetable,  but  to  be  merely  an  aerial  or 
gazous  scum.  Ingenhouz,  however,  on  the 
contrary,  conceived  it  to  be  a  vegetable,  a  species 
of  delicate  moss;  but  they  probably  all  were 
mistaken  as  to  its  real  nature.  Later  experiments 
prove  it  to  be  an  animal  substance,  a  mass  of 

scarcely  perceptible   green  animalcula^    which 

• 

have  a  very  short  existence,  terminated  in  be- 
ing clung  together  by  a  gluten  that  seems  to  ex- 
ude from  their  own  bodies,  and  which  thus 
forms  the  crust  on  the  surface  of  the  water. 
This  produdion,  indeed,  is  wonderfully  to  be 
augmented,  by  putting  any  substance  into  the 
water  which  is  in  a  state  of  putrescency. 
And  in  this,  we  have  another  striking  instance 
of  the  wise  and  stupendous  plans  of  the  Creator, 
who  has  thus  ordained,  that  in  the  midst  of  pu- 
trefaftion,  which  has  a  natural  tendency  to  cpa- 
taminate  the  air,  a  race  of  beings  should  be 
TOL.  1.  S  brought 
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brought  into  existence,  destined  to  coabteraift 
those  pernicious  efieds  by  diffusing  the  purest 
hiv  through  the  atmosphere.  This  verdure,  or 
chain  of  animals,  observiabk  on  the  sur&cb  of 
wells  and  stagnant  pools,  was  first  disooyeitd 
to  be  what  it  is  by  the  Abb^  Fontana. 

Besides  what  I  have  already  said  of  Ae  extra- 
ordinary properties  of  vital  air,  there  is  one  prin* 
ciple,  whose  applications  are  very  mteresting  to 
be  known.  In  most  combustions,  the  oxigenom 
gas,  agreeably  to  Lavoisier's  theory,  becomes 
fixed  and  concrete.  It  therefore  abandons  the 
caloric  which  maintained  it  in  the  aeriform 
state ;  and  this  caloric  being  set  at  liberty,  pro- 
duces heat,  and  endeavours  to  combine  itself 
with  the  substance  nearest  at  hand.  The  disen-- 
gagement  of  heat  is,  therefore,  a  constant  cffc6t 
in  all  the  cases  wherein  vital  air  is  fixed  in  bo- 
dies ;  and  it  follows  from  this  principle,  i .  That 
heat  is  most  eminently  resident  in  the  oxigenous 
gas,  which  maintains  combustion.  2.  That  the 
more  oxigene  is  absorbed  in  a  given  time,  the 
stronger  will  be  the  heat.  3.  That  the  only 
method  of  producing  a  violent  heat  consists  ifi 
burning  bodies  in  the  purest  air.  4.  That  fire 
and  heat  must  be  n)ore  intense  in  proportion  at 
the  air  is  more  ooodeneed.    ,5.  That  currents  of 


'  air  are  necessary  to  maintain  and  expedite  com- 
bustion. It  is  upon  this  principle  that  the 
theory  of  the  effe&s  of  the  cylinder  lamps  is 
founded ;  the  current  c£  alr^  which  is  renewed 
through  the  tube,  supplies  fresh  air  every  in- 
stant ;  and  by  continually  applying  a  new  quan* 
tity  of  oxigenous  gas  to  the  flame,  a  heat  as  pro- 
(kiced  sufficient  to  ignite  and  destroy  the  soaoke. 
On  the  san>e  principle  is  likeivise  .explained,  the 
great  diffeitnoe  which  exists  between  heat  pro* 
duoed  by  4.  slow  oombustiony  and  chat  which  is 
aSbidcd  by  rapd  combustion.  ^ 

*  OlHiptBl^i  Cfaynaislay, 
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After  all  that  I  have  advanced  on  the 
subject  of  air,  in  the  style  oi  the  old  school  in- 
deed,  but  not,  I  hope^  without  some  degree  of  ac« 
curacy,  I  still  think  it  necessary  to  be  some- 
what  more  particular  on  so  important  a  question. 
Bergman,  to  whom  science  is  so  much  indebted, 
treating  of  the  aeriform  fluid,  says,  *'  By  the 
term  aerial  form,  I  understand  such  a  subtiliza* 
tion  of  a  body,  as  renders  it  elastic,  pellucid, 
invisible,  light,  and  permanent,  in  cold,  though 
not  capable  of  passing  through  the  pores  of 
glass.  Vapours,  which  constitute  imperfeffc 
kinds  of  air,  are  condensed  by  refrigeration ;  on 
the  other  hand,  we  have  elastic  fluids,  which 
may  not  be  improperly  stiled  ethereal ;  to  such 
neither  the  pores  of  glass,  nor  of  any  other 
known  body,  are  impenetrable.  To  these  be- 
long the  matter  of  heat,  and  the  magnetic  fluid. 
The  eleAric  fluid  easily  penetrates  all  bodies, 
except  eleftrics  per  se.  Moreover,  light  seems 
to  be  something  intermediate  between  aerial  and 
ethereal  substances ;  for  it  passes  through  the 

pores 
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pores  of  glass,  but  not  those  of  metals,  and 
other  opaque  substances." 

We  thus  see,  that  the  tenn  aerial  is  not  en« 
tirdy  confined  to  the  fluids,  which  we  are  en* 
deavouring  to  investigate.  But  as  these  ele- 
mentary dtstinftions  will  more  properly  occupy 
our  attention  at  a  future  moment,  we  shall  still 
confine  our  attention  to  those  permanently 
elastic  fluids,  generally  known  by  the  name  of 
air.  In  enumerating  some  of  these,  we  have 
slightly  touched  upon  the  noxious,  as  well  as 
upon  the  beneficial  airs.  There  are  a  few  others, 
however,  of  the  former  jclass,  which  it  is  essential 
to  be  acquainted  with.  And  in  the  first  instance, 
let  me  call  to  your  recoUedion,  that  the  air  in 
which  metals  are  burned,  is  at  all  times  highly 
phlogisticated.  For  it  appears  demonstrated, 
that  in  the  calcination  of  metals  there  is  nothing 
mote  than  a  combination  of  the  metal  with  the 
pure  air  contained  in  the  atmosphere,  which  con- 
sequently vitiates  it.  Let  me  request  you  like- 
wise, to  bear  in  remembrance,  that  the  air,  the 
most  agreeable  to  animal  life;  is  that  whic!  4r- 
takes  least  of  sulphur ;  for  sulphur,  and  a'  /the 
modifications  of  it,  (at  least  the  aerial)  from  /hat- 
ever  sources  they  may  arise,  whether  from  mi- 
nerals under  the  earth,  from  marshy  grounds, 

Sj  or 
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6r  smoakbg  chimnks,  is  noxioui  to  the  Im^, 
and  will  generally  hate  an  ill  e£S^  on  ansnal 
respiration.  *  And  hence  the  reason  why  char^ 
coal^  which^  accordbg  to  Bergman,  is  nothing 
but  a  combination  of  phlogiston  and  aerial  acid, 
(99  parts  out  of  100  beii^  phlogiston)  and  a 
species  of  sulphur,  is  so  greatly  pernicious. 

"  The  hepatic  air/'  says  Mr.  Kirwan,  "  is  an 
aftual  sulphur  kept  in  an  aerial  state  by  union  with 
the  matter  of  heat.  It  is  obtained  from  combina^ 
lions  of  sulphur  with  alkalis  and  other  substances^ 
Its  most  obvious  charaiSberistics  are,  a  pecu« 
liarly  fcstid  smell ;  inflammability,  when  mixed 
with  a  certain  proportion  of  common,  or  nitrous 
air ;  miscibilicy  with  water  in  a  certain  quantity  ; 
atid  a  power  of  discolouring  metals,  particularly 
silver  and  mercury.  This  air  a£ts  an  important 
part  in  the  ceconomy  of  nature.  It  is  frequently 
found  in  coal-pits ;  and  Bergman  has  shewn  it  to 
be  the  principle  on  which  the  sulphurous  pro* 
perties  of  mineral  waters  depend*  There  is  ^sq 
reason  to  think,  that  it  is  the  peculiar  produft  of 
the  putrefa£tion  of  animal  substances*  Hotten 
eggs  and  corrupt  water  are  known  to  emit  the 
sm^U  peculiar  to  this  species  of  air>  and  to  difr* 
f olvc  metallic  substances  in  the  s^me  manner. 

Besides 
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Besides  tbeip  fluids^  which  haye  )peen  wkh^ 
t)iese  few  jjears  discQvered^  there  was  ajw^ 
kiiowQ  a  fH^tiuous  air,  which  lies  at  the  hpttom 
of  pit^^  wbifh  is  heavier  than  common  air,  ex- 
t'mgyishes  capdleci,  and  kills  anitnals  th^t  brea^hp 
in  itj  an4  which  miners  c^led  (bo^  4^Pfp-^ 
There  is  also  ^npther  f^itio\)s  $ur,  lighter  th^9 
ix>n\i|ion  air,  fpupd  near  the  roof  of  subterraneous 
places,  which  h^ipg  apt  to  talce  fire,  and  exr 
plode  li|^e  gun-powder,  they  likewise  called  j!r/ 
4amp.  These,  like  the  others,  throw  men  into 
(Piivulsions,  which  weaken  and  exhaust  the  vital 
powers,  iTiMch  more  than  the  most  vigorous  vo* 
luQt^ry  ^^\oli  of  the  muscles ;  and  thus  the  tiff 
vhit  becomes;  drained. 

It  has  been  ingeniously  conceived,  that  one 
use  of  the  lungs  is  to  carry  off  a  putrid  effluvium, 
without  which,  perhaps,  a  living  body  might 
putrify  as  soon  as  a  dead  one.  The  inhalmg 
mephitic  fur  uadoubtediy  occasions  a  coagulation 
^  the  blood  through  the  whole  system ;  and  this 
of  course  choaks  up  the  finer,  and  afterwards 
th^  larger  vessels,  until  convulsions  ensue,  and 
finally  death.  It  long,  indeed,  puzzled  philoso- 
phers, why  the  blood  in  going  from  the  heart 
tp  the  lungs,  should  be  thick  and  deeply  co- 

S  4  loured; 
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loured  ;  and  that  on  returning  from  the  lungs 
to  the  heart,  for  the  purpose  of  general  circula- 
tion, it  should  be  attenuated  and  florid.  Priestley 
at  last  found  out  the  cause,  and  proved  it  to  be 
owing  to  a  superabundant  quantity  of  phlo- 
giston, which  no  sooner  gets  from  the  heart  to 
the  lungs  in  the  blood,  than  the  air  of  the 
lungs  there  disperses  and  dissipates  it.  ^'  With- 
out respiration,"  says  Priestley,  ^^  animals 
would  die  ;  but  the  same  air  will  not  long 
answer  the  purpose ;  for  if  it  has  been  frequently 
respired,  the  breathing  of  it  is  as  fatal  as  the 
total  deprivation  of  it/'  Respiration  is  a  phlo- 
gbtic  process.  The  use  of  the  lungs  is  to  carry 
off  the  putrid  effluvium ;  or  to  discharge  the 
phlogiston,  taken  into  the  system  with  the  ali- 
ment, the  air  respired  serving  as  a  menstruutft 
for  that  purpose.  The  blood,  indeed,  is  pro- 
bably the  means  by  which  it  isefiefted,  as  it  is 
a  fluid  wonderfully  formed .  to  imbibe  and  part 
with  phlogiston.  The  redness  of  the  blood  is 
caused  by  air.  Expose  it  in  vacuo,  and  it  is 
black ;  re-expose  it  to  the  air,  and  it  re-assumes 
its  redness.  The  blackest  parts  of  the  blood,  even 
of  an  animal,  assume  a  florid  red  colour  in  com- 
mon air,  and  more  especially  in  dephlogisticated 
air ;  whereas  the  brightest  red  blood  preaendy 
becomes  black  in  any  kind  of  air  that  is  unfit 

for 
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for  respiration^  by  not  possessing  the  necessary 
portion  of  fixed  fire.  And  hence  alkaline  salts^ 
&c.  applied  to  the  venous  bloody  will  imme- 
diately change  it  to  the  colour  and  qualities 
of  the  arterial  blood.  ^ 

Notwithstanding  these  proofs,  Bergman  de- 
clares, on  the  other  hand,  he  knows  of  no  expe- 
riment, which  diredtly  shews  that  the  blood  im- 
parts phlogiston  to  the  air.  The  air  he  acknow- 
ledges to  be  corrupted ;  ^'  but  that  this  can  only 
be  effcfted,'*  says  he,  "by  phlogiston,  is  a  mere 
supposition.  On  the  contrary,"  he  observes, 
'^  that  by  the  contad:  of  blood,  nitrous  air  is  de* 
pbkgisticatedj  and  atmospheric  air  is  meliorated." 
Now,  to  which  side  to  lean  between  these  cele- 
brated men,  it  is  hard  to  determine ;  though  it 
almost  incontestably  appears,  that  the  vermi- 
lion colour  assumed  by  the  blood  in  the  lungs, 
is  owing  to  the  pure  air,  which  combines  with  it ; 
and  that  a  focus  of  heat  really  exists  in  the  lungs, 
which  is  maintained  and  kept  up  by  the  air  of 
respiration.  The  pha^nomena  of  respiration 
seem,  in  fa£t,  to  be  perfectly  analogous  to  those 
of  combustion.  The  wisest  way^  perhaps,  is 
to  leave  the  opposing  opinions  as  they  stand, 
ypon  their  own  foundations ;  and  to  be  satisfied 

with 
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with  the  coacliTsioii  in  which  they  agree,  that  the 
air  so  imparted  by  the  animal  aystem  is  me- 
phitic.  The  aoitnal  man  (and  that  b  suffidenc 
ioc  us  here)  is  supposed  to  perform  fourteen  in- 
spirations and  fourteen  expirations  in  a  minute ; 
that  is,  he  is  thought  to»perform  one  inspiration 
for  every  seven  or  eight  pulsations  of  the  heart ; 
and  the  mean  number  of  pulsations  may  b^  coa> 
puted  at  ninety  per  minute. 

When  we  consider  this,  and  aggregate  the 
quantity  from  all  animated  beings ;  when  we 
consider  that  a  common  candle  exhausts  a  gallon 
of  air  in  a  minute ;  when  we  consider  the  amaz- 
ing consumption  by  fires  and  volcanos,  the  rege^ 
neration  of  it  must  be  conceived  enormous* 
Flame  cannot  subsist  without  chaise  of  air,  ck- 
cepting  in  substances  into  the  composition  of 
which  nitre  enters,  for  these  will  burn  in  vacuo, 
infixed  air,  and  even  under  water,  as  is  evident  in 
fireworks ;  nor  without  it  can  animals  exist,  or 
vegetables  flourish.  Fresh  air,  in  fa£k,  is  more 
imiftediately  necessary  to  the  life  of  man  (for 
there  are  some  insedts  and  other  creatures  that 
can  live,  and  even  delight  in  the  mephitic  atmo- 
sphere of  putrescency)  than  food ;  for  a  man 
may  live  two  or  three  days  without  the  latter ; 
but  not  many  minutes  without  the  former.  This 
3  vivifying 
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vivifjring  prmciple,  so  essential  to  the  support  of 
.man,  and  to  the  support  of  flame^  we  have  al* 
ready  seen  to  be  the  dephlogisticated  part  of  the 
atmosphere.  The  common  atmosphere^  of 
course/  may  well  be  supposed  to  be  more  or  less 
healthy,  in  proportion  as  it  abounds  with  this  aai^ 
mating  principle.  Hence  the  fulness  of  health 
in  the  country ,  where  this  air  exhales,  in  copious 
streams,  from  the  green  leaves  of  all  kinds  of 
vegetables ;  and  the  contrary  in  cities,  where 
noxious  animal  effluvia  and  phlogiston  abound.  * 

Not  that  this  latter  idea  is  to  be  implicit- 
ly, or  even  without  strong  exception,  received. 
On  the  contrary,  it  is  liable  to  considerable, 
though  not,  perhaps,  overpowering  objections. 
The  sum  of  air  consumed  by  the  fires  of  Lon- 
don, for  instance,  in  one  year,  has  been  com- 
puted at  two  hundred  and  thirty  thousand  mil- 
lions of  cubic  feet  -(•.  Hence  these  obvious  re- 
fledions  may  be  made ;  that  the  daily  consump* 
tion  of  air,  in  a  populous  city,  must  occasion  an 
indraught  of  air,  from  all  the  adjacent  par,c9f  so 
as  to  form  sensible  currents  of  wind,  wtfich  wiU 
be  much  increased  by  the  perpendicular  ascent  of 
the  rarefied  aod  lighter  air,  which  will  be  con- 
stantly gobg  off  in  upper  currents  of  a  coa-r 
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traiy  dire£kion  to  the  lower  air ;  and  that  all  this 
may  probably  contribute  more  to  keep  such  a 
place  healthy,  provided  the  passages  are  open 
enough  to  receive  the  benefit  of  the  circulation, 
than  all  the  noxious  fumes  that  are  raised  there 
can  do  to  infedl  the  atmosphere,  and  render  it 
unwholesome.  I  am  aware,  indeed,  that  the 
smoke  of  common  fuel  (not  to  say  any  thing  of 
the  breathing  of  animals  and  other  phlogistic 
processes,)  is,  besides  the  water  which  rises  first, 
an  heterogeneous  matter  capable  of  ignition ;  in 
short,  an  inflammable  air.  I  know,  likewise, 
that  coal  yields  near  a  third  of  its  weight  in 
air,  and  that  near  five  hundred  thousand  tons 
of  this  air  is  calculated  to  be  dispersed  in  the 
atmosphere  over  London,  and  that  it  is  supposed 
to  be  a  fourth  part  *  of  the  whole  quantity  of 
air  which  is  respired  by  the  inhabitants  of  Lon* 
don  in  the  course  of  a  year.  The  levity  of  the 
mephitic  air,  and  the  constant  rarefadion  of  the 
atmosphere  of  great  towns,  however,  will  always 
be  the  certain  means  of  an  incessant  renovation 
of  good  air  from  the  country,  to  replace  that 
which  shall  have  been  exhausted.  At  the  same 
time  it  must  be  acknowledged,  that  the  pure  air 
in  the  atmosphere  of  the  country,  exceeds  that 
in  the  atmosphere  of  a  populous  city.    Berg* 

man, 
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man,  from  experiment,  declares,  that  the  air  of 
the  country  is  two-thirds  of  fixed  and  phlogistf* 
cated  airs^  and  one  third  of  dephlogisticated 
air ;  but  that  the  air  in  or  near  cities  is  much 
more  contaminated. 

But,  the  very  accurate  and  ingenious  obser* 
vations  of  Do<5tor  Ingenhouz  shew,  that  it 
is  not  from  the  country,  or  even  by  residing 
in  it,  that  the  air  nK>st  beneficial  to  human  ex* 
istence  is  to  be  found  :  for  he  declares,  that  the 
air  at  sea  and  close  to  it,  is  in  general  purer,  and 
fitter  for  animal  life,  than  the  air  on  land,  though 
it  seems  to  be  subjed  to  greater  diversity  in  its 
degree  of  purity  than  that  of  the  land  :  and  that 
probably,  the  air  will  be  found  in  general  much 
purer,  far  from  the  land  than  near  the  shore, 
the  former  being*never  subjed  to  be  mixed  with 
land  air.  But,  yet  I  should  doubt,  whether 
local  situation,  particularly  low  ground,  might 
not  be  adverse  to  this  dodrine  in  a  general  sense. 
By  the  heat  of  the  sun,  an  add  vapoury  we 
know,  is  exhaled  from  the  sea;  for  such  is  po- 
sitively proved,  from  the  different  states  of  the 
atmosphere  in  hot  and  cold  climates.*  For  in- 
stance,  in  Hudson's  Bay  and  Russia,  metals 
hardly  ever  rust;  whereas  in  warmer  regions 
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they  ^ways  do,  as  well  as  in  places  abouodisg 
with  salt  springs.  Be  this^  however,  as  it  imy^ 
it  is  the  variation  in  the  pressure  of  the  armo^ 
sphere,  which  in  commoD  afiedb  animals,  espe* 
cially  those  of  the  human  species.  Thus  in 
serene,  clear  weather,  when  the  atmosphere  is 
more  heavy,  we  are  generally  more  chearfol  and 
vigorous ;  the  greater  weight  c£  the  acmospbere 
bracing  our  fibres  much  better :  but  in  foul  and 
rainy  weather,  when  the  barometer  is  low,  we. 
>ne  generally  laogutd  and  doll ;  the  air  endosed 
within  the  body  being  counterbalanced  by  a 
less  external  weight,  distends  t3ie  body,  and 
occasions  ikituiencies,  puns,  and  uneasiness* 
Besides  this,  the  symptoms  observed  in  our 
bodies  in  bad  weather,  may  be  in  a  great  mea* 
sure  8iq>po8ed  to  be  owing  to  the  dampness  c£ 
the  air  at  the  time.*  In  the  winter,  wheoi  the 
weather  is  clear  and  frosty,  the  air  has  been 
generally  found  to  be  in  the  purest  staoe;  pro* 
bably,  became  the  corruption  of  «»  many  sob* 
seances  is  at  diat  time  retarded,  and  in  a  great 
measufe  hindered  by  the  cold.  In  autumn,  oa 
the  contmry,  when  a  vast  variety  <if  ^egetaUc 
and  animal  substances  ate  hastsnod  in  dissolu- 
tion and  putre&dion  by  heat  and  moisture,  the 
air  is  less  pure. 

The 
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^The  rare&6tion  of  the  kir  has  at  all  times  ft 
mirprizmg  ttkOt  upon  the  animal  constttution« 
At  the  height  of  six  or  eight  thousand  feeit 
-ifbove  xhe  kvel  of  the  sea^  this  rffc&  becomea 
tcriking.  The  musaiiar  force  becomes  exhaust>- 
ned ;  an  universal  feimiiess  and  lassitude  prevails ; 
liie  limbs^  without  frequent  repose^  refuse  to 
|ieifoim  tfaefr  funftions ;  the  heart  beats  with 
an  oppressive  rapidity*.  This  is  all  occasioned 
by  the  diminution  of  the  compressive  force  of  the 
vox  on  the  smi&ce  of  the  &ame,  whence  the  vessels 
■sufier  an  unnatural  dilatation.  F'or  instetnce^  we 
ikiay  be  sup^sed,  ordtAarily  cd  beat  a  weight 
upon  our  bodies  tof  £^0^3  pdonds  of  ait ;  but  at; 
che  height  of  7500  feet,  this  wei]^  is  dimiuish^ 
^  J56S  ffoonds,  Severn  t^tttoces.,  or  exactly  one 
^qtuurter.^  AYid  ^ence  ^e  absolute  necessity  cf 
"hAvifiig  a  fresh  dirCQlatioti  *€f  armfoepherk  ait*  in 
%pblt[Mnts>  whidi  hav^  had  ikes,  lights,  anA 
-company,  eadh  of  ivhii^h  ^St  powerfully  in  c^^ 
imisting  the  hciavy,  andjn  augmentingthe  %ht 
lak.  Noi  that  iStW,  id  all  in^aaces,  ute  to  be 
^oaatdefred  as  ijijtiriou^,  but  th«  contrary ;  icft 
although  they  nlay  owe  their  energy  to  the  gool 
air  which  they  destroy,  they  yet  must  be  allow- 
ed tl>  be  sigents  w«ll  qualified  for  the  p«irifica- 
libn  olF  the  aemospbero,  fot  the  a<Hd  th^y  fornix 
^combines  l^ith  the  pum'id  patricles^  and  dact^ 

their 
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their  power.  The  EgyptUns,  it  should  seem, 
were  very  early  acquamted  wikh  this  efficacy  of 
fires.  The  Greeks  also  were  early  enlightened 
on  the  subjeft.  Acron,  we  are  told,  reaped  the 
greatest  honour,  during  the  ragbg  of  a  plague 
at  Athens,  by  ordering  fires  to  be  kept  up  near 
each  person  that  was  affedked.  Hippocrates 
went  further,  and  had  fires  lighted  up  in  every 
street,  and  in  every  public  place.* 

Bergman,  in  considering  the  situations  most 
probably  endowed  with  the  purest  atmospheres, 
says,  ^'  that  from  the  gravity  of  fixed  air,  it  fol- 
lows, that  the  lower  strata  of  the  atmosphere 
must  abound  more  with  it  than  the  higher ;  for 
the  prodigious  quantity  which  is  generated  by 
fermentation,  putrefafdon,  effervescence,  and 
ether  natural  operations  every  day  going  on,  for 
the  most  part  remains  close  to  the  surface  of  the 
£arth,  and  this  must  be  again  fixed  by  the  conti- 
nual generation  of  new  bodies :  and  hence,''  con- 
cludes he,  '^  the  reason  I  imagine  is  plain,  why 
higher  situations  are  in  general  more  healthful 
than  lower  ones." 

.  The  long  life  of  man,  we  know,  greatly  de- 
pends upon  the  goodness  of  the  air  which  he 
daily  respires.      The  best  aliments  are  not  able 

to 
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to  guard  us  against  disease  in  bad  air,  or  in  an 
unwholesome  country*.     The  atmosphere  that 
lies  over  the  surface  of  the  sea,  as  I  have  already 
said,   is   the  purest ;   and  this  probably  arises 
from  the  absorption  of  the  mephitic  particles 
by  the  mass  of  the  waters.    The  air  of  the  coun- 
try is,  in  general,. somewhat  better' than  that  of 
towns.     Marshy  grounds  are,  from  their  nature, 
unhealthy;  and  they  are   most  so,    when  not 
cultivated.      Good  land  even  suffered  to  run 
waste,  is  injurious  to  man.     Of  this  you  have 
an  instance  in  the  Campagna,  and  in  the  envi- 
rons of  Rome.      The  insalubrity  of  the  air, 
which  is  experienced    in  these  parts,   is  in  a 
great  measure  owing  to  the  want  of  cultivation ; 
and  to  the  want  of  trees  and  vegetables,  which 
would  feed  upon  the  bad,  and  return  to  the 
atmosphere  a  dephlogisticated  air.     This  insa- 
lubrity,  as  you  well  know,  is  felt  most  in  the 
summer,  and  in  the  night.    During  the  day, 
the  heat  of  the  sun  rarefies  the  air,  and  dissi- 
pates the  mephitic  exhalations.      In  the  night, 
the  septic  or  putrid  exhalations,  indeed,  conti- 
nue ;   but  they  hover  round  the  dwellings  of 
men,  for  there  is  no  heat  to  raise  and  to  dis- 
perse them.    Even  those  which  had  risen  during 
the  day,  fall  again  upon  the  earth.      All  hot 
countries,  that  arc  low  and  damp,  and  not  well 
VOL.  I.  T  cultivated. 
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.cultivated,  are  always  unwholesome.  Dry> 
rocky,  sandy  countries,  even  without  vegetation, 
are  quite  the  contrary.  If  near  the  sea,  so' much 
the  better.  Hence  the  healthiness  of  the  situa- 
tion  of  Gibraltar.* 

But^  here  it  may  be  asked,  how  these  airs 
are  concentrated,  held,  and 'ultimately  set  loose  ? 
The  generation  of  airs  is  owing  to  the  concen- 
tration of  fire ;  for  the  airs  are  produced  in  that 
regular  order,  which  is  conformable  to  the 
quantity  of  fire  they  possess.  For  instance, 
let  us  take  the  air  from  lime-stone.  First,  fixed 
air  is  expelled  without  any  impregnation; 
next,  phlpgisticated  air,  with  sufficient  to  neutra- 
lize the  acid ;  then  dephlogisticated  air,  with  an 
higher  impregnation;  and  at  last  inflammable 
air,  which  always  varies  with  its  substance, 
with  the  highest  concentration.  Vegetable  bo- 
dies, indeed,  as  we  have  seen,  are  principally 
formed  of  the  vegetable  a,cid,  with  water  and  an 
earthy  base,  and  these  attraft  the  fire  of  the  sun, 
and  concentrate  it.  When  these  again  are  ex- 
posed .to  the  fire,  the  fire  is  attrafted  and  con- 
centrated likev^use,  and  forms  .charcoal ;  and 
when  the  heat  i^  pushed  high,  the  concentration 
is  so  considerable,  as  to  form  inflammable  air; 

but 
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.but  if  an  over  proportion  of  water  enters^  a 
proportionally  less  quantity  of  fire  enters,  and 
thus  fixed  air  is  formed.  Hence  it  is  also,  that 
phlogiston  and  the  nitrous  acid  form  nitrous 
air ;  but,  by  adding  a  greater  proportion  of  phlo- 
giston to  the  air  already  generated,  or  before  its 
generation,  it  will  produce  either  inflammable 
or  empyreal  nitrous  air.  The  same  happens 
with  regard  to  the  vitriolic  acid  air.  In^  the 
marine  acid  air,  it  is  the  same  :  by  exposing  it 
to  iron,  it  will  reduce  the  iron  into  a  calx, 
seizing  upon  its  phlogiston,  and  forming  inflam- 
mable ^ir.  Every  chymical  process  is  a  proof, 
that  fire  is  chyn^ically  united  with  acids.  When 
exposed  to  a  strong  heat,  they  become  aeria- 
lized  into  phlogisticated,  empyreal,  or  fixed 
airs.* 

Swamps,  morasses,  and  undrained  and  un- 
cultivated  lajjds,  let  me  again  repeat  it,,  are 
fatal  to  the  health  and  longevity  of  man.  They 
send  forth  the  seeds  of  pestilence  and  death 
upon  the  wings  of  every  wind.  They  are  the 
most  certain^  and  the  most  durable  calamity, 
that  ever  afflidted  the  human  race.  In  every 
gale,  the  whole  mass  is  tainted  with  putrescency, 
and  teepis  with  variety  of  life.     The  living  at- 

T2  mosphere, 
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mosphere,  instead  of  the  pabulum  vit^t,  be* 
comes  the  indiscriminate  dispenser  of  paiot 
sickness,  and  animal  dissolution.  In  short, 
every  thing  becomes  pestiferous.  Of  the  effedt 
in  a  smaller  degree  of  corrupted  air,  a  familiar 
instance  occurs  in  cretins  and  goitres,  which 
are  chiefly  found  in  those  countries  where  there 
is  a  rank  vegetation,  and  where  the  atmosphere 
is  extremely  humid,  in  consequence  of  nu- 
merous lakes,  water-falls,  and  rivulets^  which 
emitpowerful  exhalations  through  the  influence  of 
the  sun's  heat,  while  they  are  excluded  from 
every  drying  wind.  They,  for  example,  who 
inhabit  the  deepest  and  most  recluse  vallies, 
are  reduced  to  the  lowest  state  of  imbecility  and 
idiotism.  In  those  which  are  somewhat  more 
elevated,  the  mental  powers  are  not  so  com- 
pletely obtunded ;  and  others  still  more  elevat- 
ed, and  exposed  to  fewer  exhalations,  and  more 
salutary  winds,  will  merely  be  deformed  with 
wens  and  swellings  about  the  joints.  They  who 
are  nearer  to  the  summits,  are  perfeftly  exempt 
from  all  these  appearances.  The  inhabitants  of 
more  healthy  vales  may,  indeed,  become  cretins, 
by  residing  in  such  unhealthy  regions ;  but,  it 
is  at  the  same  time  more  than  conjeftural,  that 
the  race  of  cretins  may  be  meliorated,  by  trans- 
planting them  to  a  more  salubrious  soil.     All 

this 
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this  you  may  observe  among  the  Alps,  or,  as  it 
more  powerfully  struck  me,  among  the  moun- 
tains of  Stiria,  Cerinthia,  and  Carniola.  And 
if  you  still  go  further,  you  will  find  that  direful 
scourge,  the  plague,  propagated  or  destroyed 
by  similar  causes.  At  Constantinople,  it  pre- 
vails during  the  summer,  and  is  greatly  weak- 
ened, or  entirely  ceases,  in  the  winter.  In  Egypt, 
on  the  contrary,  it  is  most  violent  in  winter,  and 
infallibly  ends  in  the  month  of  June.  This  ap- 
parent contrariety,  however,  is  to  be  explained 
on  the  same  principle.  The  winter  destroys 
the  plague  at  Constantinople,  because  the  cold 
there  is  very  severe ;  and  the  summer  revives  it, 
because  the  heat  is  very  humid,  on  account  of 
the  seas,  forests,  and  adjoining  mountains.  In 
Egypt,  the  winter  nourishes  the  plague,  be- 
cause it  is  mild  and  humid ;  but  the  summer 
destroys  it,  because  it  is  hot  and  dry.  It  seems 
to  aft  on  it,  as  it  does  on  the  flesh  of  animals, 
which  it  does  not  suffer  to  corrupt.* 

I  would  not  willingly  drop  a  word  here,* 
which  in  any  respedt  might  be  liable  to  the 
coostrudtion  of  prejudice,  or  national  partiality ; 
but,  I  feel  too  strongly  the  impulse  of  truth,  to 
withhold  the  remark,  that  it  is  a  praftice  not 

T  3  always 
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always  rational,  though  common  among  us,  to 
send  our  invalids  annually  to  Italy,  or  to  the 
southern  parts  of  France.  Is  the  deadening 
sirrocco  vfind,  which  is  immediately  succeed- 
ed by  a  tramontana,  the  hise;  or,  in  short,  the  Va- 
riable extremes  of  hot  and  cold  air,  which  one 
is  exposed  to  in  the  neighbourhood  of  the  Alps 
and  Apennines,  the  sahibrious  stream  by  which 
a  sick  man  should  be  surroilnded  ?  Sudden  at- 
mospherical transitions  are  most  pernicious  to 
human  nature.  In  every  climate,  they  are  in- 
jurious to  the  frame.  In  England,  indeed, 
which  is  temperate,  their  influence  is  generally 
exerted  on  the  relaxed  and  weak.  But  in 
England,  who  does  not  feel  the  easterly  wind  ? 
*^  At  Lausanne,"  says  Dr;  Moseley, "  Tissot  told 
me,  the  transitions  from  heat  to  cold  are  there 
sometimes  so  great,  that  invalids  and  conva- 
lescents feel  considerable  ill  effefts  from  them; 
and  that  in  pulmonic  disorders,  those  changes 
have  produced  the  most  dangerous  consequences.' 
Why  then  expatriate  one  sick  person  ?  Why  se- 
parate him  from  his  friends,  and  hurry  him  into 
a  climate  more  fickle,  and  consequently  more  un- 
wholesome than  his  own  ?  Towns,  within  the 
reach  of  winds  from  the  Alps,  Apennines,  Py- 
renees, and  other  high  mountains,  at  some  sea- 
sons of  the  year,  are  graves  to  people  who  re- 
I  sort 
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sort  to.  them,  in  deca3''3  of  the  lungs,    in  these 
«crbphulous  and  consumptive  habitSy  to  which 
Our  atmosphere  is  inimical,  sea  voyages  should 
be  made,  and   islands  should  be  -  resorted  to, 
where  tlie  climate  is  uniformly  warm ;  such  as 
Madeira:  or  others  still  in  warmer  latitudes, 
which  have  been  known  to  succeed  better.  Few 
diseases  originate   lA*  England,  for  which  the 
climate  of  England,  with  change  of  place,  is 
not  equal  to  any  other.    Foreigners  have  an  erro- 
neous notion  of  our  climate.      Perhaps  our  at- 
mosphere is  not  rhild   enough  for  the  tender 
fibres  of  weak  bodies ;  hut,  take  it  for  all  and 
all,  there  is  not  a  better  climate  on  the  ha- 
bitable globe.    For  by  what  fairer  comparison  is 
a  climate  to  be  estimated,  than  by  the  corporeal 
and  mental  faculties  of  those  who  are  nurtured  in 
it ;  and  in  which  almost  every  species  of  aninial 
arrives  to  the  utmost  perfeftion  ?  * 

But,  I  now  will  take  my  leave,  and  sum  up 
our  aerial  dissertation  in  the  words  of  a  cele- 
brated physician.-j-  "  It  is  supposed,  and  I  be- 
lieve justly,  that  more  of  the  offensive  particles 
are  swept  off  by  the  air  which  has  been  received 
into  the  lungs,  than  from  the  whole  surface  of 
the  body  besides :  and  this  is  the  reason,  why  the 

T4  V  air 
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air  we  breathe  is  so  soon  contaminated^  and  ren* 
dered  unfit  for  the  support  of  life ;  and  this  in 
proportion  to  the  air  being  less  pure,  previously 
to  its  being  inspired ;  because  thus  tainted,  it  is 
sooner  saturated  with  the  noxious  matter  it  takes 
up  in  the  air  cells  of  the  lungs,  and  therefore 
carries  off  a  smaller  proportion  in  a  given  time  : 
whereas,  a  purer  air  would,  unite  with,  suspend^ 
and  discharge  a  larger  quantity,  and  thereby  pre- 
vent the  dangerous  efFedts  of  their  retention. 
Hence  it  is,  that  a  moderately  cold  and  dry  air  is 
the  most  wholesome :  for  the  lungs,  like  the 
funnel  of  a  stove,  discharge  the  foul  air,  by 
means  of  the  cool  air  admitted  by  every  in- 
spiration. 


LET- 
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From  fire  and  air  we  now  naturally  turn  to 
the  element  of  water.  Water,  in  general,  im- 
plies a  pellucid  fluid,  convertible  into  ice  by  cold 
at  32  degrees  of  Farenheit's  thermometer,  na- 
turally pervading  the  strata  of  the  earth,  and 
flowing  or  stagnating  on  its  surface.  It  is 
usually  divided  into  two  general  kinds,  the  sim- 
ple and  medicinal.  Simple  or  pure  water,  in 
the  striftest  sense  of  the  word,  is  not  met  with 
any  where.  Heterogeneous  matter,  and  that  in 
a  large  quantity,  may  be  separated  from  such  as 
appears  the  purest  and  most  simple.  But  we  in- 
clude, in  a  more  general  manner,  under  the  first 
of  these  terms,  all  those  waters  which  have  no 
smell  or  taste  of  any  extraneous  matter,  nor  any, 
particular  effed  on  the  body ;  and  under  the 
latter  we  include  all  those  whose  smell,  taste,  or 
other  obvious  qualities,  defiote  their  containing 
saline,  metalline,  or  other  mineral  particles  in 
them,  and  whose  efiedts  on  the  body  correspond 
with  these  notices  of  their  contents.  In  a  word^ 
we  may  look  upon  that  water  as  most  pure, 

which 
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which  is  limpid,  without  colour  or  smell,  breaks 
soap  readily,  boils  pulse  soon  and  tender,  which 
freezes  readily,  ai'd  docs  not  encrust  ^  the  bottom 
or  sides  of  vessels  in  which  it  is  boiled.  And 
hence  the  v/arcr  which  is  niiscd  in  vapour,  and 
as  it  wert  distilled  by  nature,  is  of  the  purer 
kind  ;  whilst  that  from  ice  is  the  purest  of  any, 
as  the  grosser  mineral  and  heterogeneous  par- 
ticles which  all  v/atcrs  contain  in  a  greater  or  less 
degree,  arc  probal>!y  excluded.  The  sailors  to 
the  Greenland  Whale  Fishery,  who  for  many 
months  have  no  other  than  ice  water  to  drir.k, 
have  always  found  it  so.  Our  intrepid  and  ce- 
lebrated countryman,  Captain  Cooke,  brought 
this  to  an  indisj^utable  certainly. 

In  the  sublime  arrangement  of  the  elementary 
principles  of  nature,  the  Almighty  Ruler  of  the 
whole,  we  may  with  humility  conclude,  did  not, 
in  the  separation  of  the  rerpedtive  masses,  ren- 
der the  two  oceans  of  water  and  air,  so  wholly 
discordant  from  each  other,  as  that  they  should 
bfc  incapable  of  cont rafting  an  union!  On  the 
contrary,  they  have  such  a  disposition  to  unite, 
that  it  has  long  seemed  to  ingenious  men,  that 
they  have  had  a  common  origin,  and  that  if 
it  were  not  for  the  intervention  of  heat,  they 
would  probably   unite,  ?nd  again  compose  a 

common 
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common  masss.  *  The  water  on  the  surface  of 
the  earth  is  constantly  replete  with  air,  and  the 
atmosphere  is  replete  with  water.  The  nume- 
rous tribes  of  aquatic  animals,  which  inhabit  the 
ocean  of  waters,  would  perish  if  it  contained 
no  air;  and  it  is  no  improbable  conjedure,  that 
the  animals  which  exist  in  the  ocean  of  air, 
would  perish  if  it  contained  no  water. 

As  we  Have  already  observed,  water  has; 
through  all  ages,  been  considered  as  an  element, 
because  it  was  always  deemed  impossible  to  de-* 
compose  it,  and  because  it  was  to  be  extradted 
from  alm6:5t  every  substance  in  nature.  Found 
under  three  forms,  ice,  fluidity,  and  vapour,  it 
seemfcd  one  of  the  great  agents  of  this  terrestrial 
world.  It  served  to  form  mountains,,  to  kindle 
volcanos,  to  dissolve  saline  substances,  to  pu- 
rify and  to  load  the  air,  and  to  crystallize  par- 
ticles of  earths  and  minerals,  so  as  to  render 
diem  solid  and  considerable  bodies;  Ice,  how- 
ever, was  looked  upon  as  its  primitive  state ;  foi* 
the  first  state  of  a  body,  at  least  chymically  con- 
sidered, is  that  in  which  it  is  in  the  greatest: 
possible  aggregation.  Thus  ice  must  be  thfc 
aqueous  element,  not  water,  which  is  a  com- 
pound:   Of  this  original  state  of  water,  thesA 

^  few 

♦  Bfehop  Watson, 


498  LETTER   XXII* 

\ 

few  circumstances,  out  of  a  great  many,  may  be 
considered.  In  forming  into  ice,  water  gives  a 
heat,  because  it  is  a  fluid  becoming  solid.  Air 
favours  the  produfiion  of  ice,  for  water,  her- 
metically sealed,  will  freeze  but  slowly.  Ice 
swells  to  a  larger  size  than  the  bulk  of  the  wa- 
ter before  its  congelation,  though  it  has  less 
weight  than  the  water,  upon  which  it  can  float. 
Its  elasticity  is  greater  than  that  of  water,  and 
its  savour  is  much  more  pungent.  And,  lastly,  it 
has  a  strong  propensity  to  combine  with  light, 
with  air,  and  with  'salts.  '* 

But  water  in  its  fluid  state,  in  which  we  are 
for  tlie  present  to  investigate  it,  was  always 
known  to  be  upheld,  not  only  in  the  earth,  but 
in  the  atmosphere,  by  particles  of  fire.  In  its 
general  mass  of  the  ocean,  it  was  never  found 
freed  from  phlogiston.  As  an  aerial  substance, 
however,  it  was  generally  believed  to  have  had 
a  strong  attraftion  to  various  matters,  such  as 
marble,  glass,  &c;  and  that  from  this  attradtion 
proceeded  the  moisture  which  was  frequently 
observed  to  be  generated  upon  those  substances. 
This  was,  however,  attempting  to  explain  scien- 
tifically what  was  not  certainly  understood  ;  and 
1  merely  mention  it  to  shew,  that  though  so 

long 
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long  ago  as  Aristotle,  thir  pha?nomenon  was  in- 
geniously arcountcd  for,  it  yet  was  supposed  to 
require  something  more  for  the  convidion' 
of  the  experimentalist.  Aristotle,  speaking  of 
it,  says,  "Elements  which  have  one  common 
origin  easily  change  from  one  to  another ;  you 
have  only  to  destroy  the  principle,  which  causes 
the  separation."  For  instance,  let  a  foreign  body 
dispossess  water  of  its  coldness,  and  comniuni- 
cate  to  it  heat,  it  immediately  assun;ies  the 
charafteristic  of  air.  On  the  contrary,  as  in 
elevated  regions,  let  this  air  be  deprived  of  its 
heat,  the  particles  return  to  their  original  cold- 
ness ;  they  assume  their  original  form,  and  in 
such  shape  fall  upon  the  earth  in  rain. 

The  moisture,  therefore,  thus  observable  up- 
on  certain  substances,  so  far  from  being  attradled, 
was  rather  stopped  by  them.  They  offered  a 
free  passage  to  the  fire,  while  they  refused  ad-  ^ 
mittance  to  the  water  rarefied  by  it.  Thus,  when 
there  is  more  fire  in  the  air  contained  in  a  room, 
than  in  the  wall,  the  fire  endeavours  to  expand 
itself  equally,  and  therefore  cannot  penetrate  into 
the  narrow  pores  of  the  marble,  without  leaving 
thousands  of  particles  of  water  at  the  entrance 
of  these  passages.  And  hence  the  reason  why  a 
glass^  having  cold  water  poured  into  it,  appears 

cloudy. 
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cloudy.  The  water  contains  less  fire  th^n  the 
external  air.  The  fire  from  the  air,  then,  expj^jd- 
ing  itself  through  the  pores  of  the  glass,  leaves 
the  water  hitherto  supported  by  the  aftion  of 
thp  fire,  which  is  refused  adnaittance,  and  con- 
sequently appears  in  drops  upon  the  surface. 
Pour  out  the  cold  liquor,  and  a  moist  cloud  will 
appear  on  the  inside  of  the  glass,  as  it  did  before 
on  the  outside,  because  all  or  the  greater  part  of 
the  fire,  lodged  in  the  substance  of  the  glass, 
being  dispersed  in  the  cold  liquor,  that  liquor  is 
no  sooner  poured  off,  than  the  fire  contained  in 
the  air  penetrates  both  sides  of  the  glass  at  the 
.same  time.  Yet,  when  the  aeiral  fire  has  once 
regained  i:s  equilibrium^  the  former  appear- 
ances will  cease.  * 

From  this  mechanism,  and  the  natural  effects 
*  of  the  fluidity  of  fire,  many  important  ques- 
tions,  it  was  conjedtured,  might  be  resolved. 
During  pur  late  researches,  however,  we  had 
occasion  to  look  somewhat  closely  into  the  two 
,  most  dissimilar  permanently  elastic  fluids  we  ace" 
acquainted  with,    the  phlogisticated    and    de- 
phlogisticated  airs.  Philosophers,  in  experiments 
upon  these  fluids,  conceived  that  they  would 
.unite;  inflammable  air  having  been  found  to 

change 
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change  into  vital  air.  Hence  the)'  contended, 
that  they  formed  an  aerial  acid,  or  vvlicn  in  a 
large  proportion,  a  Ct>r'^jrv^u  iv:;  by  which 
.change  a  great  quant'/ --  ;  .  :.pecificheat  was  ne- 
rCessarily  let  loose,  ruii  being  accumulated,  pro- 
.duced  ignition,  and  even  flame,  wlien  inflam- 
mable air  was  present.*  Scheele  contended 
.that  vital  air  might  be  totally  changed  by  phlo- 
.giston  into  the  matter  of  heat.  Both  'opinions 
were  supported  by  strong  arguments,  and  Kir- 
wan*  was  of  the  first.  But  as  Bergman's  verjr 
able  translator  says,  "  I  must  confess  myself 
ignorant  of  any  good  reason  for  believing  phlo- 
gisticated^  foul,  or  corrupted  air,  to  be  a  modi- 
fication of  viul  air."  Notwithstanding  which, 
,tbe  opinion  was  pretty  generally  adopted,  and  it 
was  believed  that  fixed  air  was  generated  in 
phlogistic  processes,  by  the  union  of  vital  air 
.with  phlogiston. 

But  during  this  examination  of  the  union  of 
these  airs,  it  was  little  imagined  they  would  be 
.declared  to  be  constituent  parts  of  the  body  of 
water.  Cavendish  was  the  first  with  us,  who 
promulgated  this  extraordinary  fad.  He  ima- 
gined he  found,  that  passing  the  electric  spark 
through  phlogisticated  and  vital  airs,  he  reduced 

theoi 
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them  positively  to  water.  In  his  trials,  a  dimi- 
nution of  bulk  was  at  first  observed,  insomuch 
that  where  five  parts  of  vital  air  were  added  to 
three  of  common  air,  almost  the  whole  disappear- 
ed :  but,  when  phlogisticated  was  substituted 
for  common  air,  the  whole  produdt  then  appear- 
ed as  water ;  more  than  forty-nine  parts  in  fifty. 
Thus  was  he  enabled,  as  he  conceived,  to  shew 
that  vital  air  was  the  same  thing  as  water  depriv- 
ed of  phlogiston  :  and  that  the  union  of  phlo- 
gisticated and  dephlogisticated  air  formed  the 
clement  of  water. 

This  condensation  of  airs  into  water,  by  Ca- 
vendish, soon  drew  the  attention  of  the  ingenious 
of  all  nations.  It  was  every  where  tried,  and  I 
believe  every  where  generally  subscribed  to,  ex- 
cepting by  the  celebrated  Mons.  Achard,  who 
thought  the  phaenomenon  which  had  been  em- 
ployed to  prove  that  water  is  a  combination  of 
dephlogisticated  and  inflammable  air,  proves 
rather  that  air  results  from  the  combination  of 
water  with  the  igneous  Jluid.  Wherefore,  accord- 
ing to  him,  the  decomposition  of  air  must 
produce  water,  and  consequently  the  experi- 
ments, on  which  Cavendish  and  Lavoisier's 
theory  of  the  composition  of  water  is  founded, 
cannot  be  considered  as  a  proof  that  water  is 

composed 
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composed  of  the  two  kinds  of  air,  ^om  whose 
tombmUon  it  is  obtained  j  as  the  water  obtained 
is  not  the  produftion,  but  merely  one  of  the 
constituent  parts  of  the  mixed  air,  which  has 
undergone  combustion.  It  has  likewise  been 
€aid,  that  a  doctrine,  giving  to  the  oxigene  and 
hydrogene  gases,  two  of  the  niost  combustible 
bodies  in  nature,  the  property  of  forming  water, 
is  little  less  than  philosophical  extravagancy  : 
the  same  materials,  are  moreover  give^i  to  the 
formation  of  the  nitrous  acid.  Why,  it  is  asked, 
may  not  water  be  considered  in  fa6t,  as  Boyle 
considered  it,  as  an  aerial  earth,  possessing  a 
considerable  quantity  of  latent  fire?  Ice,  by 
having  a  greater  quantity  of  heat  thrown  into 
it,  passes  into  water ;  and  why  may  not  earth, 
by  having  a  greater  quantity  of  heat  thrown 
into  it,  pass  into  water  also?  Moreover,  although 
it  is  the  present  fashion,  not  to  consider  water 
as  one  of  the  kingdoms  of  nature,  why  has  it 
a  better  right  to  be  distinguished  from  a  solid, 
^elastic,  diaphanous  substance,  than  a  melted 
metal  hath  to  be  distinguished  from  the  same 
metal,  when  concreted  into  a  solid  form?  In  their 
diiSerent  states  of  fluidity  and  solidity  they  will 
have  different  properties ;  but,  should  they,  from 
such  accidental  changes  as  are  effe£ted  by  minute 
variations  of  heat,  bexefesred  to  different  classes? 
VOL.  I.  U  Had 
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Had  water  been  called  melted  ice,  who  would 
have  scrupled  to  consider  it  as  belonging  td 
the  mineral  kingdom  ?  The  reducing  quick- 
silver into  a  solid,  malleable  metal,  by  a  degree 
of  cold,  was  an  important  discovery  in  physics. 
We  learn,  thence,  to  consider  all  fluid  bodies, 
such  as  wat«r,  oils,  spirits,  aether,  and  probably 
the  air  itself,  as  convertible  into  solids,  without 
the  introduftion  of  any  frigorific  particles,  but 
simply  by  a  diminution  of  heat;  and  all  solid 
bodies  as  convertible  into  fluids,  without  suf- 
fering any  othef  change  in  their  constitution, 
except  what  arises  from  the  Volatilization 
of  such  of  their  principles  as  cannot  sustain 
the  degree  of  heat  requisite  to  render  the  rest 
fluid,* 

To  all  this^  howevtr^  It  is  said,  that  accurate 
experiments  have  compelled  chymists  to  deprive 
water  of  its  dignity  as  an  elementary  principle, 
and  to  class  it  among  compound  substances  ^ 
for  that  all  the  phaenomena  of  nature  and  of  art 
conspire  to  prove  the  same  truth.  At  the  sam6 
time  it  is  allowed,  that  water  may  be  consi* 
dered  as  the  general  cement  of  nature*  Exist- 
ing in  a  state  of  combination  in  bodies,  it 
concurs  in  imparting  to  them    hardness  and 

transparency. 

*  Bishop  Watson. 
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tlransparency.  It  exists  in  this  form  in  crystaki 
&c,  which  immediately  lose  their  transparency 
on  being  deprived  of  their  water  of  crystalliza* 
tion,  or  their  generative  water^  as  it  has  been 
emphatically  styled*  Some  bodies*  are  indebted 
to  it  for  their  fixity.  The  acids,  for  example, 
acquire  fixity  only  by  combining  with  water* 
In  a  word)  it  is  agreed  upon  all  hands,  that 
water,  when  disengaged  from  its  combination, 
and  in  a  state  of  absolute  liberty,  is  one  of  the 
most  considerable  agents  in  the  operations  of 
this  globe.  It  bears  a  part  in  the  formations 
and  decomposition  of  all  the  bodies  of  the 
mineral  kingdom;  it  is  necessary  to  vegeta- 
tion>  and  to  the  free  exercise  of  most  of  the 
fundiona  of  animal  bodies ;  and  it  hastens  and 
facilitates  the  destru6tion  of  these  bodies,  as  soon 
as  they  are  deprived  of  the  principle  of  life.  And 
thus,  all  philosophers,  until  these  very  few  years, 
in  a  similar  spirit  to  that  of  Thales,  looked 
upon  water  as  the  elemental  matter,  or  stamen 
of  all  things.  Even  Newton  says,  '*all  birds, 
**  beasts  and  fishes,  insefts,  trees  and  vegetables, 
*•  with  their  several  parts,  do  grow  out  of  water, 
**and  watery  tinftures  and  salts;  and  by  putre* 
^  fadions,  return  again  to  watery  substances." 

V  1  On 
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On  wtichsocver  of  these  grounds,  hchv- 
ever,  this  subjeft  comes  to  be  considered,  the 
close  affinity  of  the  elements  will  be  demon- 
stratively proved )  together  with  the  chymical 
position,  that  bodies  never  blend,  excepting, 
their  natures  be  different,  or  they  be  united  by 
the  intervjntion  of  a  third  substance.  As  for 
instance,  oil  and  water  will  nojL  mix,  and  yet 
when  the  oil  is  combined  with  a  salt,  there  re- 
sults a, soap  which  is  soluble  in  water*  Bodies 
of  the  same  nature,  ^  only  incre^e  the  bulk  of 
the  same  matter.  And  hence  it  is,  that  acid 
salts  opposed  to  alkalis^  so  intimately  combine; 
that  we  find  the  same  opposition  between 
alkalis  and  sulphur ;  salts  and  oil ;  acids  and 
metals ;  spirit  of  wine  and  water  ^  all  of  which 
have  a  great  tendency  to  unite,  and  to  form  a 
most  intimate  combination.* 

From  considering  water  in  its  constituent 

parts,  let  us  proceed  to  contemplate  it  in  the 

aggregate..  Fluid  in  physiology,  is  an  appellation 

given  to  all  bodies,  whose  particles  easily  yield 

to  the  le^st  partial  pressure,  or  force  impressed. 

Some  philosophers,  however,  make  the  follow-* 

ing  distinctions  in  fluids :  those  which  flow  or 

spread    themselves  till  their  surfaces  become 

level 
*  Fourcroy. 
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•level  or  horizontal,  they  call  liquid^  in  contra- 
didion  to  flame,  smoak  and  vapour,  which  are 
also  fluids,  but  do  not  acquire  such  a  surface : 
those  which  are  capable  of  exciting  in  us  the 
idea  of  moistness,  as  water,  they  call  humid: 
distinguishing  them  thereby  from  air,  quick- 
Mlver  and  melted  metals.  But  these  distindions 
are  unnecessary;  the  surfaces  of  all  fluids  being 
level  or  horizontal,  when  not  prevented  by  the 
bodies  about  them ;  and  humidity  is  only  a  re- 
lative quality ;  for  though  quicksilver  will  not 
moisten,  or  stick  to  your  finger,  it  will  to  silver 
or  gold. 

The  nature  of  a  fluid,  as  distinguished  from 
that  of  a  solid  or  hard  body,  consists  in  this, 
that  its  parts  are  so  loosely  connefted  together, 
that  they  readily  move  opt  of  their  places,  when 
pressed  with  the  least  force,  one  way  more  than 
another.  Whence  philosophers  conclude,  that 
these  particles  are  exceedingly  minute,  smooth, 
and  round  j  it  being  otherwise  impossible  they 
should  move  with  such  freedom,  upon  the  least 
inequality  of  pressure.  All  particles,  considered 
separately,  are  supposed  to  be  endued  with  all 
the  common  properties  of  matter,  and  are 
$ubjed:  to  the  same  laws  of  motion  and  gravi- 
tation with  larger  bodies.     And,  indeed,  the 

U  3  shapes 
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shapes  of  other  bodies  seem  clearly  to  corrobo* 
rate  the  globiilar  figure  of  fluids ;  for  the  figure 
of  a  substance,  it  is  to  be  supposed,  naturally 
arises  from  the  figure  of  its  parts.*  The  small 
grains  of  sea  salt  and  of  lead  are  cubical ;  nitre 
is  hexangular ;  blood  and  oil  are  globular ;  cor- 
rosive sublimate  spiculated  $  and  antimony  is 
in  small  filaments,  like  needles.  Hence  the 
cffeds  of  bodies  may  be  conceived  to  fol- 
low firom  the  configuration  of  their  particles: 
as  for  example,  the  spiculated  are  sharp  and 
corrosive ;  while  the  globular  are  insipid  and 
balsamic.  Spicular  poisons,  antimony  and 
sublimate,  may  be  rendered  inoffensive  by 
sheathing  their  points  in  oil  or  in  wax. 

Liquids  in  general,  says  Bei^man,  must  be 
considered  as  solid  molecules,  too  subtile  to  be 
perceived  by  the  sight,  however  assisted ;  and 
on  account  of  their  levity,  bulk,  figure,  or  by 
the  interposition  of  another  fluid,  moveable  with 
the  greatest  ease,  and  affeding  an  horizontal 
position.  Hence,  since  sand  in  a  very  attenua- 
ted and  volatile  state  preserves  a  level,  so  that 
animals  may  be  drowned  in  it ;  since  pounded 
gypsum  set  in  a  vessel  over  the  fire,  seems 
liquid  i  why  should  not  water  be  supposed  an 

earth 

*  Philosophy  of  the  Elements. 
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eaith  kept  liquid  by  heat  ?  it  certainly  contrretes 
into  a  solid  body,  when  the  heat  is  diminished 
to  a  determinate  degree ;  but,  when  the  heat  is 
increased  to  a  certain  point,  it  is  resolved  into 
dastic  vapour. 

Fluids  exert  a  force  of  pressure  equal  to  their 
gravity  every  way,  or  in  all  directions  equally : 
thus  there  is  an  equilibrium,  or  state  of  rest 
throughout  a  fluid  ;  it  being  an  axiom  in  philo^ 
sophy,  that  a  body  urged  in  every  direction 
equally,  will  be  as  perfcdly  at  rest,  as  if  it  were 
affe£fced  by  no  force  at  all.  Aftion  and  re-adion 
are  ever  equal  between  any  two  bodies,  and 
in  contrary  direftions:  for  instance,  if  you 
press  a  stone  with  your  finger,  your  finger  is 
equally  pressed  by  the  stone;  or  if  an  oar 
strikes  the  water  in  one  diredlion,  the  water 
re-ads,  and  moves  it  in  the  other  direftion, 
Ffom  the  gravity  of  fluids  arise  their  pressure, 
which  is  always  proportioned  to  their  gravity ; 
and  since  we  may  suppose  all  the  particles  of  a 
fluid  to  have  equal  bulk  and  weight,  the  gravity 
of  the  fluid,  and  consequently  the  pressure,  will 
be  always  proportional  to  the  altitude  or  depth. 
But  the  supposed  incompressibility  of  liquids, 
was  for  a  long  while  looked  upon  as  one  of  their 
xsu^i  striking  characters ;  for  if  was  imagined 

U  4  they 
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they  could  not  by  any  force  be  comp^ressed 
into  a  less  space  than  that  which  they  naturally 
possessed;  and  this  was  thought  to  be  accurately 
proved  by  the  Florentine  experiment,  of  filling 
a  globe  of  gold  with  water,  which,  when  pressed 
with  great  force,  causes  the  water  to  transude^ 
or  issue  through  the  pores  of  the  gold,  in  form 
of  a  dew  all  over  its  surface.  This  phsnome* 
non,  however,  did  not  prevent  M.  Canton  firom 
proving,  by  undeniable  experiments,  the  com* 
pressibility  of  fluids,  and  that  the  contrary 
conclusions  were  erroneous. 

But,  notwithstanding  the  general  opinion, 
that  the  particles  of  fluids  are  spherical^  and  in 
consequence  of  their  touching  each  other  in 
few  points,  cohere  very  slightly,  and  easily  slip 
or  slide  over  each  other ;  it  has  been  conjedtured 
by  some,*  that  the  particles  of  fluids  are  of 
the  same  nature  or  figure  with  those  of  solids, 
and  that  from  the  very  ready  amversion  of  the  one 
into  the  other.  The  original  cause,  therefore,  of 
fluidity,  say  the  supporters  of  this  opinion,  does 
not  appear  to  consist  in  the  figure  of  the  par* 
tides,  but,  simply  in  their  want  of  cohesion. 
This,  however,  is  not  for  our  present  discussion. 
As  the  unknown  principle  of  mutual  attradion 

between 
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between  the  constituent  parts  of  solid  bodies, 
is  the  cause  of  their  solidity ;  so  the  unknown 
principle  of  fire,  is  the  cause  of  their  fluidity.* 
I  call  the  principle  of  fire,  notwithstanding  all 
we  have  said  about  it,  unknown,  because, 
though  its  effedls  are  sufficiently  manifest,  the 
cause  of  it  is  undoubtedly  questionable.  It  is 
the  great  instrument  of  fluidity.  Without  a 
<!ertain  degree  of  it,  wafer,  spirits  of  wine,  oil, 
quicksilver,  and  perhaps  the  air  itself,  would 
be  converted  into  solid  bodies ;  and  with  a  cer- 
tain degree  of  it,  all  fluid  bodies  would  be 
changed  into  elastic  vapours  j  and  all  solid 
bodies  would  either  be  wholly  dissipated,  or  in 
part  dissipated,  and  in  part  converted  into 
Buid  glass. 

*  Biihop  Watioa. 
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Whatever  may  be  the  cause,  or  however 
occult  the  doftrine  may  appear,  it  is  yet  most 
evident  in  the  eye  of  experiment  and  investi- 
gation, that  all  bodies  in  nature  have  a  reci- 
procal attraction:  they  search,  as  it  were^ 
and  make  efforts  to  approach,  one  another: 
this  is  the  grand  law  on  which  depend 
all  the  phenomena  of  the  universe.  This 
force  is  essential  to  the  harmony  of  the  world. 
It  reigns  in  the  smallest  bodies  as  powerfully 
as  in  the  largest.  In  two  drops  of  the  same  fluid, 
whether  water,  mercury,  or  oil,  it  is  peculiarly 
striking.  Put  them  at  a  certain  distance,  and 
on  a  plain  surface,  you  will  perceive  them  mov- 
ing towards  each  other,  and  at  last  uniting,  and 
making  one  single  globule.  This  latter,  indeed, 
is  said  to  be  different  from  attrafkion.  It  is  cal- 
led combination.  Attradlion  is  held  to  exist 
between  bodies  at  certain  distances.  Combina- 
tion, only  when  the  molecules  touch  each  other. 
But,  in  £i£t,  it  is  as  difficult  to  discover  the 
cause  of  cbymical  afiinities^  as  to  discover  the 

cause 
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cause  of  attraction  or  magnetism.*  It  has  been 
shewn  by  Newton,  says  Bergman,  that'  the 
great  bodies  of  the  universe  exert  the  power 
of  attradkion,  diredly  as  their  masses,  and  in- 
versely as  the  squares  of  their  distances.  But," 
the  tendency  to  union,  which  is  observed  in  ail 
iieighbouring  bodies  on  the  surface  of  the 
earth  (and  which  may  be  called  contiguous  at- 
traRiofiy  since  it  only  affefts  small  particles,  and 
scarcely  reaches  beyond  contaft,  whereas  re- 
mote attraction  extends  to  the  great  masses 
of  matter  in  the  immensity  of  space)  seems  to 
be  regulated  by  very  different  laws ;  it  seems ^  I 
say,  for  the  whole  difference  may  perhaps  der 
pend  on  circumstances.  The  figure  and  posi- 
tion of  the  particles,  we  are  by  no  means  able 
to  ascertain. 

We  are  now  to  observe  attraftion  in  its  most 
beautiful,  as  well  as  in  its  most  sublime  appear- 
ance. The  immense  body  of  waters  with 
which  the  greatest  part  of  the  globe  is  co- 
vered, boldly  exhibits  it  in  its  fullest  energy. 
The  sea  shall  first  engage  our  attention.  Many 
and  most  contradictory  opinions  have  been 
held,  relative  to  the  waters  of  the  ocean.  But, 
the  bason  in  which  they  are  contained,  is  of 

such 
♦  Fourcrcgf. 


314  XETTER  XXIII. 

fluch  immense  extent,    and  covered,  in  many 
places,  with  such  an  un&\homable  depth  of 
ivater,  that  it  is  impossijble  it  can  be  traced  in 
every  part.     It  yet   in  some  measure  may  be 
guessed  at.     One. thing,  at  least,  seems  certain, 
that  at  the  bottom  of  the  sea  there  are    con- 
siderable mountains,    and  other  irregularities*  • 
It  is  perhaps  as  irregular  as  the  surface  of  the 
land.     With  regard  to  the  qualities  of  its  soil, 
little  can  be  said.     It  must,  however,  be  c(Hn- 
posed  of  the  same  materials  as  the  surface  of 
the  earth.     The  same  substances  are  found  in 
both ;  shells,  madrepores,  corals,  hiarbles,  &c. 
And  to  these  irregularities,   we  must   ascribe 
the  origin  of  many  of  our  currents  :*     for  a 
current  is  a  river,  the  breadth  of  which  is  de- 
termined by  that  of  a  valley  through  which  it 
tuns ;  its  rapidity  is  proportioned  fo  the  force 
by  which  it  is  produced ;  and  its  direftion  is 
marked  out  by  the  position  of  the  irregularis 
ties. 

But,  in  what  manner  are  we  to  contemplate 
this  tremendous  excavation  of  our  globe?  We 
cannot  look  upon  itas  a  chasm,  scooped  out  like 
the  bed  of  a  stream  which  is  precipitated  from 
the  mountains!  If  We  could  imagine  the  chan- 
nel 
*  BufFon, 
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nt\  of  the  sea  to  have  been  made,  as  we  may; 
imagine  the  channel  of  rivers,  by  long  and  in- 
sensible attrition,,  the  water  wearing  by  degrees 
the  ground  under  it,  by  the  force  derived  from 
its  descent  and  course,  we  should  not  wonder 
at  its  form ;  but  it  is  impossible  that  this  chan- 
nel should  have  had  any  such  origin^.  * 
Whence  should  its  waters  have  descended?  from 
what  mountains,  or  from  what  clouds  ?  where 
is  the  spring-head  of  the  sea  ?  what  force  could 
eat  away  half  the  surface  of  the  globe,  and  wear 
it  to  an  immeasurable  depth  ?  this  cannot  have 
been  from  attrition.  But,  God  so  ordered  it, 
when  he  separated  the  waters  from  the  dry 
land* 

Water,  from  the  earliest  ages,  was  a  symbdi 
of  the  Divinity.  It  was  part  of  the  ancient  Cos  - 
mc^ony,  which  looked  up  to  the  Divinity  as  to 
the  Lord  and  Ruler  of  those  waters,  which  was 
conceived  to  hav^  been  employed  in  extii^ish-. 
ing  the  ever-consuming  fires  of  the  world. 
Hence  the  Hindoos  also  believed,  and  invariably 
have  continued  of  opinion,  that  their  most  sa- 
cred river,  the  Ganges,  issues  immediately  from 
the  feet  of  Brouma.  And  hence,  likewise,  the 
reverence  which  the*  ancients  had  for  rivers^ 

fountaiiis- 
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fbuntsuns  and  springs,  and  which  led  them  to 
the  allegorical  conclusion,  of  their  being  watch- 
ed over  and  guarded  by  tutelary  divinities. 

• 
*  Of  the  most  striking  chafafteristics  of  the 

waters  of  the  ocean,  one  is  their  saltness ;  together 
with  their  being  more  buoyant  than  fresh 
Water,  and  approaching  consequently  nearer  to 
a  soUd,  from  the  various  heterogeneous  particles 
with  which  they  are  sattirated.  On  this  sub- 
jeft,  BufTon  observes,  that  all  lakes  that  give 
rise  to  rivers,  and  all  those  which  occur  in  the 
course  of  rivers,  are  not  salt  j  but  that  almost 
dl  those,  on  the  contrary,  which  receive  rivers, 
but  give  rise  to  none,  are  salt.  This  circum- 
stance, says  he,  seems  to  favour  the  opinion,  that 
the  saltneSs  of  the  sea  is  Occasioned  by  salts 
brought  down  from  the  land  by  the  rivers ;  for 
we  find  that  salt  does  not  evaporate.  All 
remains  in  the  sea :  it,  consequently,  is  always 
augmenting. 

But  this  Conjefture,  that  the  wdter  of  the  sea 
was  fresh  at  the  beginning  of  the  world,  how* 
ever  sanftioned  by  other  names  of  celebrity  as 
well  as  by  that  of  the  illustrious  Buifon,  seems 
extravagant  and  unsatisfa6tory.  The  saltness 
of  tlie  sea^  we  must  in  common  sense  suppose 

to 


to  be  as  nccfessary  to  the  constitution  of  that 
element,  and  to  the  well-being  of  the  terraque- 
ous globe,  as  the  redness  of  the  blood  is  to 
the  animal  system.  The  sea  can  be  no  mote 
salt  by  chance,  than  the  blood  is  red  by  chance.* 
As  it  occupies  a  very  considerable  proportioa 
of  the  globe,  providence  assuredly  endued  it 
vvith  properties  essential  and  peculiar  to  itself« 
Not  but  that  the  water  of  rivers  generally  con- 
tains a  small  quantity  of  salt.  The  saltness  of 
the  sea,  however,  which  arises  from  one  fortieth 
part  being  salt,  and  from  its  being  nearly  of 
an  equal  saltness  at  the  surface  and  at  the  bot- 
tom, must  have  been  coeval  with  its  original 
formation. 

The  waters  of  the  ocean,  besides  salt,  are  im- 
pregnated,  as  I  have  already  said^  with  hetero-< 
geneous  particles,  and  particularly  with  calcare^ 
ous  marine  salt,  and  "not  as  has  been  supposed^ 
with  bitumens,  which  in  reality  have  no  eictst-* 
tence :  nay,  as  vitriolic  water  will  in  the  course 
of  time  render  cast  iron  so  soft,  that  it  can  be  cutr 
with  a  knife  as  easily  as  black  lead,  so  sea  water, 
adting  on  iron  guns,  has  been  found  to  have  the 
same  effe£k :  it  has  made  them  as  soft  as  tin, 
though  in  24  hours,  by  being  exposed  to  the 

air, 
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lur,  they  have  recovered  their  original  hardness.* 
Notwithstanding  this,  the  salt  water  of  the  sea 
b  observed  to  freeze  into  fresh  water,  that  is, 
into  ice,  which,  when  dissolved,  appears  to  have 
lost  its  saltness.  Water,  with  that  degree  of 
coldness  which  is  necessary  to  freezing,  cannot 
retain  the  saline  and  other  particles  suspended 
in  it. 

As  the  pillars  and  foundations  of  the  pre* 
sent  exterior  earth,  therefore,  stand  immersed 
in  water,  at  a  certain  depth  every  where  from 
the  surface  water  is  always  to  be  foiuid^ 
provided  the  soil  be  of  a  nature  to  admit 
of  it.:f  It  is  true,  all  subten-aneous  waters 
do  not  proceed  from  this  original,  for  many  of 
them  are  the  effe£ts  of  rain  and  melted  snows. 
But,  digging  any  where,  you  constantly  come 
to  water,  even  in  the  most  solid  grounds ;  and 
this  cannot  proceed  from  rains  or  snow,  but 
must  come  from  below,  and  from  a  cause  as 
general  as  the  effedt.  The  faft  is,  the  water  is 
as  ancient  as  the  earth,  and  contemporary  with 
it.  It  almost  always  holds  in  dissolution,  sa- 
line, earthy,  sulphurous,  or  metallic  substances. 
The  selenite  in  fresh  water,  is  that  which  is  the 
most  frequent  5  and  that  more  particularly  in 

wells 
"*  Bishop  Watson,    f  Bomct 
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iNtWs  than  in  rivers  ^  and  hence  it  is  that  well** 
water  is  not  proper  for  dressing  vegetables^ 
for  it  in  some  degree^  doses  their  pores  with  the 
selenite^  and  prevents  the  water  from  penetrat- 
ing :  hence  too  it  is,  that  let  a  shrub  be  for  a 
certain  time  watered  with  a  strongly  impregnated 
selenitous  water,  the  roots  will  be  found  en- 
crusted with  a  gypsum^  and  the  tree  will  perish. 
Fot  t)ther  domestic  purposes^  also>  well  water 
is  in  general,  found  less  useful  than  rain  or  run* 
Qing  water;  for  instance,  in  the  iauadry,  for  it 
diBCOBiposes  the  S9ap% 
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During  the  revolution  of  ages,  mankind 
had  been  inattentive  to  the  phenomena  of 
lakes,  springs,  and  rivers*  These  objects  at 
length,  however,  came  to  be  considered  ^  and 
the  science  of  physics  began  to  dispel  the  clouds 
of  ignorance*  But,  yet  it  remained,  as  it  must  be* 
confessed  it  at  this  moment  remains,  in  doubt, 
whether  our  most  generally  received  opinions  on 
the  subjed,  be  not  in  some  respefts  chimericaL 
We  will  endeavour,  however,  to  investigate 
them,  and  whatever  the  result  may  be,  it  shall 
at  least  legitimately  grow  out  of  the  premises 
which  we  shall  establish* 

« 

The  mean  depth  of  the  ocean  has  been  com- 
puted to  be  230  fathoms*  But,  why  so  incon- 
siderable a  depth  ?  of  an  unmeasured  fluid,  we 
can  only  reason  by  conjedture.  The  summit 
of  Mont  Blanc  is  more  than  ten  times  that  ele- 
vation, and  yet  that  summit  bears  marks  of  a 
close  and  intimate  connedion  with  the  waters. 
The  profundity  of  the  great  deep,  therefore, 

is 
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is  not  to  be  ascertained.  It  may  be  miles ; —  it 
may  be  leagues,  for  even  imagination  cannot 
trace  its  limits  :  the  elevation,  and  the  inequality 
of  mountains  from  the  surface  of  the  earth,  can 
alone  be  co^jefturally  admitted  as  standards  of 
its  unascertained  depth.  It  has,  however,  been 
maintained  by  philosophers,  that  from  the  pro- 
digious mass  of  the  ocean  are  derived  .  all  the 
lakes  and  rivers  of  the  world ;  and  Halley  i$ 
said  to  have  demonstrated,  thdt  evaporation  is 
the  immediate  cause  of  their  existence.  Hal- 
ley's  hypothesis,  which  was  received  by   the 

• 

learned  world  with  universal  applause,  may  be 
understood  by  the  two  following  propositions  : 
I  St.  That  the  vapours  which  arise  from  the  sea> 
are  much  more  than  sufficient  to  supply  both  the 
surface  of  the  earth  and  the  rivers,  with  waters^ 
2d.  That  the  mountains  do,  by  their  particular 
strudure  and  formation,  attradt,  and  as  it  were 
arrest,  the  vapours  and  the  rain  that  float  in 
the  atmosphere,  and  having  collefted  them  in 
their  reservoirs,  dismiss  them  again  throi^h 
their  sides,  either  in  perpetual  or  intermitting 
currents.  By  Halley's  calculations,  as  an  ex- 
ample, it  is  likewise  said,  there  is  little  more 
than  one  third  of  the  quantity  of  water  received 
daily  into  the  Mediterranean,  that  is  evaporated 
from  it:  and  what    would    seem    td  proved 
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this  doftrine  true,  is,  that  rivers  andspnngsare 
always  found  to  run  towards  the  sea,  and  never 
from  it. 

Rivers,  undoubtedly,  are  oriy  waters  descend* 
ihg  by  their  gravity  from  higher  to  lower  parts  of 
the  surface  of  the  earth,  in  proper  channels  j 
which  arc  filkd  by  waters  collefted  on  the  tops? 
of  mountains,  from  rain,  snow,  fogs,  dews,  and 
even  clouds  themselves,  and  which  run  through 
Tarious  fissures  into  their  internal  cavities.  The 
superfluous  parts  flow  from  those  cisterns 
through  different  crevices  to  the  sides  of  moun- 
tains, where  they  appear  as  bubbling  spripgs, 
and  stand  in  hollow  places  in  forms  of  pools^ 
ponds  and  lakes.  Rivers,  in  short,  are  streams 
of  water,  which  by  their  own  specific  weight 
move  clown  inclined  plains;  six  feet  in  a 
hs^e  being  sufficient  descent  for  their  running. 
Thii  is  very  nearly  the  descent  of  the  Rhone 
from  Le  Pont  St.  Esprit  to  the  sea.  *  And 
every  where,' where  rivers  are  navigab|p,  we  may 
be  assured  the  declivity  does  not  exceed  twelve 
feet  aleague.  The  Rhone  has  not  so  much  from 
L.yon«  to  LePont  St.  Esprit,  although  itsrapi- 
dfity,  as  you  well  know,  is  great  the  whole  way. 

The  sea  has  no  communication,  says  L'Abbe 
Pluche  (as  was  fctt'merly,  indeed,  the  opinion  of 

Descartes 
*  Dc  Luc. 


Descartes  and  others)  with  the  mountains,  by 
any  passage  underneath  the  earth,  but  all  above 
it.  From  the  surface  of  rivers,  from  lakes  and 
from  the  sea,  a  vapour  incessantly  arises,  whicK 
is  carried  through  the  regions  of  the  air,  by  the 
impulse  or  aftion  of  the  wind;  in  the  form  of  a 
cloud  or  mist ;  atid  which,  in  p/toportion  as  it  ^ 
meets  with  cold  air,  or  its  progress  i^  obstruft- 
cd  by  mountains,  condenses,  and  descends  in 
dew,  snow,  hail  or  rain.  The  quantity  of  va- 
pour thus  diffused  upon  the  earth  in  water,  is 
greater  than  all  the  rivers,  taken  together,  disgorge 
into  the  sea.  In  England,  for  instance,  from  40 
to  43  inchfes  of  water  in '  depth;  is  supposed  to 
&I1  in  the  space  of  a  year. 

But  all  this  ddH^frine,  ak  I  $aid  before,  is  doubt-^ 
£ul«    It  is  uncertain,  whether  evaporation  front 
the  sea  be  sufficient  to  supply  all  the  running- 
waters;    especially  is  the    greatest  part    of* 
that  very  evaporation  falls  again  into  the  sea« ' 
Moreover  it  is  conjeftured,  that  a  greater  quan- 
tity of  water  is  evaporated  from  continents  than 
absolutely  returns  to  them  in  rain ;  to  which 
may  be  added  the  expence  of  that  element, 
caused  by  animals,  by  vegetables,  and  by  its 
consolidation  into  substances,  concerning  the 
nature  of  v.  hichi,  we  shall  in  the  sequel  have  oc-  ^ 
casion  to  inquire.    From  such  circumstances, 

X'3  thcn^ 
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then,  one  would  naturally  be  led  to  suppose, 
that  there  are  other  waters  in  the  system  of  this 
vast  body  the  earth,  than  those  established  upon 
the  hypothesis,  however  able  and  ingenious,  of 
Dr.  Halley;  and  that  there  may  be  an  internal  as 
well  as  an  external  evaporation.  The  matter  of 
cleftricity,  and  the  matter  of  fire,  are  powerful 
agents.  They  are  not  of  partial  and  circum- 
scribed situation.  They  pervade,  and  most  pro- 
bably aft  upon  nature,  in  her  deepest  recesses. 

All  the  theories,  however,  of  the  phsenomena 
of  springs  and  rivers,  may  be  reduced  to 
two.  Some  say  the  cause  is  above  the  earth; 
others,  below  it:  the  former  maintaining, 
that  the  rains  which  fall  upon  the  earth  are 
sufficient;  the  latter,  that  they  are  chiefly 
derived  from  the  vapours>  v^ins,  and  issues  of 
the  great  abyss,  into  which  they  are  all  re- 
turned, and  that  a  perpetual  circulation  and 
equality  is  kept  up.* 

To  the  first  may  be  answered,  that  rain  and 
vapour  cannot  account  for  the  origin  of  all 
springs  and  rivers,  because  the  rivers  of  a  coun- 
try have  been  compared  with  the  rains  that  an- 
nually fall  upon  it,  and  have  been  found  to 
exceed  the  rain  in  quantity.  In  Italy,  for  in- 
stance, 

« 
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stance,  it  has  been  accurately  calculated,  that 
the  waters  discharged  into  the  sea  by  the  rivers 
of  that  country,  are  to  the  rains  which  fall 
upon  the  land,  as  55  to  27,  that  is,  more 
than  double.  And  in  Paris,  the  foUovfing  cal- 
culation was  made,  from  experiments,  in  three 
succeeding  years* 


Total  de  la  Pluye  11    pouces,    6  Hgnes  | — ea  1688. 

Total  de  rEvapbration  22  ponces,  5  lign/cs. 
Total  de  la  Pluye  18  Pouces,  i  ligoe — en  1689. 

Total  de  PEvaporation  32  pouces,    10   lignet  f. 
Total  de  la   Pluye   21    pouces    \   ligne — en  .1690. 

Total  de   I'Evaporation  30  pouces,  11  ljgnes» 


Secondly,  because  the  consumption  of  moist- 
ure by  vegetables  is  so  great,  that  all  the  rain 
that  falls,  is  not  sufficient  to  supply  them  with 
what  their  growth  demands.  For  Dr.  Hales 
founds  that  a  plant  in  twenty  one  days  and  a 
quarter,  drew  off  all  the  water  of  the  earth  on 
which  it  grew ;  sro  that  without  a  farther  sup- 
ply from  beneath,  it  must  have  perished  after 
that  time^  and  yet  he  made  no  allowance  for  ^ 
what  the  portion  of  the  earth  in  question  per- 
spired at  the  same  time,  by  its  own  pores  in 
vapour.     Thirdly,   becwsc   there  ajrc  springs, 

X  4  and 
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and  those  every  where  common,  so  equal  and 
constant  in  yielding  their  waters  at  all  seasons, 
without  being  affeded  either  by  rains  or  droughts, 
that  we  cannot  suppose  them  to  depend  on 
any  such  causes.  Fourthly,  because  there  are 
springs  ^00  near  the  summit  of  the  highest 
grounds  in  the  country,  to  be  derived  by  de- 
scent from  the  water  which  falls  on  the  sur- 
£ice  of  the  earth ;  there  being  no  declivity  suffi- 
cient to  account  for  them  that  Way.  As  we 
have  already  said,  however,  it  would  be  absurd^ 
to  deny,  that  rain  and  melted  snowsproduce 
Springs,  and  increase  the  discharge  <^  rivers,  be- 
cause  we  see  the  phenomena  with  our  eyes ; 
but  this  is  a  partial  consideration,  and  by  no 
means  adequate.  Let  us  try  whether  the  ques- 
tion can  be  solved  by  means  of  the  subterrane- 
ous stores,  and  the  vapours  that  unquestionably 
arise  from  them. 

If  we  penetrate  deep  enough,  we  never  fail- 
to  find  water ;  and  the  deeper  we  go,  the  water 
occurs  in  greater  plenty.  This  does  not  look 
as  if  the  lower  stores  depended  upon  any  acci- 
dent at  the  surface ;  for  then  they  would  rather 
be  diminished,  and  fail  as  we  descended,  their 
supplies  being  extended  in  springs  and  rivers  on 
the  surface ,  but  the  contrary  is  always  the  case ; 

therefore. 
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therefore,  the  soiux:es  are  not  altogether  above^ 
but  some  are  below.  When  the  earth  is  cut' 
through,  it  yields  water  as  naturally  as-  the: 
body,  which  abounds  with  vessels,  yields  blood^ 
when  it  is  wounded.  The  deeper  the  wound 
the  greater  is  the  efSasion  of  blood,  because  the: 
larger  channels  lie  deep ;  and  the  largest  of  all, . 
which  feed  the  rest,  are  placed  in  the  central- 
parts  of  the  body, 

Hales^  indeed^  objededtoalUupplies  filomaa  * 
interior  stock,  because  the  surface  of  the  sea, 
even  at  hi^  water,  is  lower  than  the  surface  of 
the  land**  But^  in  answer  to  this  objeftion,  we 
are  to  remember,  that  the  waters  of  the  sea  are 
salt,  while  the  spring  waters  of  the  land  are  fresh;  . 
and  consequently  higher;  so  that  a  column  of: 
sea  w^ter  will  be  a  counterpoise  to  an  higher 
column  of  fresh  water.  If,  therefore,  the  water 
of  deep  seas  has  any  communication  with 
the  land,  and  it  has  its  due  cflfeA,  water  may- 
rise  to  any  height  required,  upon  the  commoa 
principles  ofsta£ics>  either  by  running  channds, 
or  by  sap  or  percolation  (  in  which  case,  the 
cSbSt  will  be  forwarded  by  attraftion;  for  a 
mass  of  dry  salid  with  water  underneath,  will 
be  soaked  upwards  to  its  surface.    Sir  Isaac 

Newton 

^  *  Philosophy  of  the  Elements, 
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Newton  tried  this  experiment,  in  a  tube  filled 
with  dry  ashes,  andfoiind  that  the  water  ascended 
through  them  with  ease.  In  the  rocky  caverns 
of  mountains  also,  much  may  be  done  by  the 
slow  ascent  of  steamy  which  will  be  condensed, 
as  it  approaches  the  air,  and  distil  downwards, 
through  those  cracks  and  chasms  where  it  finds 
an  outlet. 

From  all  this,  it  scarcely  can  be  denied,  I 
think,  that  the  earth  is  full  of  open  veins  and 
fissures;  together  with  strata  of  loose  and  per- 
meable matter,  and  therefore,  that  it  must  have 
communication  with  the  sea  to  very  great 
distances.  Steam  and  vapours  are  stirring  at  all 
times  in  the  internal  parts  of  the  earth.  At 
the  greatest  depths,  there  are  sensible  tokens  of 
moisture,  rising  upwards  from  the  lower  parts. 
But  the  convincing  experiments  of  M.  de  la 
Hire,  who  found  that  the  rain  of  fifteen  years 
conveyed  not  one  drop  of  water  to  the  depth  of 
eight  feet,  through  loose  and  permeable  earth, 
that  was  properly  exposed  to  it,  and  had  a  drain 
made  at  the  bottom  to  discharge  the  water,  if 
any  Had  been  collefted,  sufficiently  demonstrates, 
that  the  origin  of  all  springs  and  rivers  is  not 
from  above. 

Water, 
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Water,  we  know,  ascends  in  vapour  to  ^  pro- 
digious height  in  the  atmosphere.  Why  may  it 
not  therefore  ascend  in  the  same  manner  in  the 
bowels  of  the  earth,  and  thereby  form  springs, 
and  ultimately  rivers  ?  Fire,  and  the  eledric 
fluid,  abounds  in  the  earth,  and  by  these  we  have 
reason  to  suppose,  that  the  aqueous  particles 
are  held  in  suspension.  Now  steam,  if  it  be 
gradually  cooled  to  2 1 2  degrees,  though  the 
cooling  cause  continues  to  ad,  the  temperature 
becomes  stationary,  till  the  steam,  by  parting 
with  a  portion  of  its  specific  heat,  is  all  con- 
densed into  water:  this  water  then  cools, 
though  less  gradually  than  the  steam  did,  till 
it  arrives  at  the  temperature  of  32  degrees:  it 
then  again  becomes  stationary,  till,  by  par^^ing 
with  another  portion  of  itS'  specific  heat,  the 
whole  of  the  water  is  converted  into  ice.  Thus 
steam  consists  of  particles  ia  an  elastic  state, 
cr  disengaged  from  their  mutual  attraftions; 
water  consists  of  the  same  particles,  exercising 
their  attractive  power  on  each  other,  and  there- 
by cohering  together ;  and  ice  consists  of  the 
same  particles,  still  more  strongly  cohering, 
or  crystallized  into  clusters  or  masses^. 

This  then  being  the  process,  in  some  re- 
speds   internally,  as  well  as  externally,  is  it 

not 
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not  rather  extraordinary,  that  men  shall  at  f  be 
same  moment  assert,  that  there  is  water  enough 
in    the  atmosphere,    held  there  by   fire,    ta 
deluge  the   globe,   and  deny  .the   possibility 
of  springs   being    generated  in    the  interior 
parts  of  the  earth  by  the  same  agency,   tlie 
same  interior  parts  of  the  earth  being  the  ycrf 
^bulum  of  fire?    The  proof,  however,  that 
springs  gush  from  channels,  similar  to  veins  in 
the  human  frame^  is»  that  hundreds  of  miles 
from  mountainsy   and  in  the  midst  of   the 
ocean,  a  little  sandy  island,  scarcely  more  ele- 
vated than  to  be  horizontal  with  thesurroimding* 
fluid,  shall  afford  springs  of  fresh  water*    From 
what   levels  upon  any  principle  of  hydraulics, 
can  these  waters  be  supposed  to  be  deduced  ? 
For  my  own  part,  I  cannot  conceive*    But 
Philosophers  guess,  when  they  cannot  demon- 
strate ;  and  hence,  on    this  subjeft,  they  are 
generally  found  to  be  positive  in  the  &ncy,  for 
it  in  faft  f^  no  better,  that  the  cause  of  lakes, 
of  rivers  and  springs,  is  from  above,  and  for^ 
tuitous. 

The  origin  of  springs,  you  thus  perceive^  has 
been  greatly  controverted  among  naturalists. 
There  are,  however,  two  other  hypotheses,  besides 
that  of  Halley,  which  were  oxice  held  in  estima* 

tion, 
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tion,  but  whichfor  sotneyears^  indeed,  have  been 
discarded.  The  first  was  that  of  Descartes,  who 
was  of  opinion,  that  the  water  of  the  sea  diffused 
itself  in  all  directions  under  ground,  and  that^ 
coming  to  the  bottom  of  mountains,  it  there 
met  with  lai^e  caverns,  into  which,  being  rare- 
fied by  the  central  heat  beneath,  it  ascended  in 
vapours,  leaving  its  saline  parts  behind,  as  being 
superficially  heavier;  and  that  these,  vapoun^ 
being  impeded  in  their  ascent  by  the  *  tops 
of  caverns,  condensed  there,  forming  small 
streams,  or  currents  of  water,  like  the  steam 
in  the  head  of  an  Alembic.  The  second  sup- 
poses the  sea  water  percolated  through  the  pores 
of  the  earth,  which,  though  large  enough  for 
the  fluid  to  penetrate,  were  yet  so  small  as  to 
deny  admittance  to  the  saline  particles  which 
were  commixed  with  them ;  which  the  water, 
during  the  course  of  its  filtration,  left  behind, 
thus  refining  and  purifying  itself,  till  it  became 
fresh  and  potable,  before  it  mixed  with  the  foun- 
tains of  rivers. 

But,  it  may  be  asked,  if  evaporation  be  not 
adequate  to  the  causes  already  mentioned,  why 
is  not  the  main  body  of  the  ocean  increased,  by 
the  prodigious-  volumes  of  water  which  have 
from  the  beginning  of  the  world  been  falling 

into 
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into  it  ?  To  this»  there  appears  to  me,  to  be  bat' 
one  reply.    Some  men  are  of  opinion,  that  a 
quantity,  for  instance,  equal  to  what  flows  into 
the  Mediterranean,  is  consumed  in  exhalations 
every  day.    This  seems,  says  Burnet,  a  hardy 
supposition ;  for  if  so  much  be  consumed  in 
vapours  and  exhalations,  every  day,  as  flows  into 
the  sea,  what,  if  this  sea  had  an  out-let,  and 
discharged  by  that  every  day,  as  much  as  it  re- 
ceived ?  in  a  few  days  the  vapours  would  have 
consumed  all  the  rest ;  and  yet  we  see  many  lakes 
that  have  as  free  an  out-let  as  an  in-let,  and  are  not 
consumed,  or  sensibly  diminished  by  the  vapours. 
Besides,  this  reason  is  a  summer  reason,  and 
would  pass  very  ill  in  winter,  when  the  heat  of  the 
sun  is  milth  less  powerful :  at  least,  there  would 
be  a  very  sensible  difference  betwixt  the  height 
of  the  water  in  summer  and  in  winter,  if  so 
much  were  consumed  every  day,  as  this  explica- 
tion supposes.    There  are  subterrafteous  channels 
for  lakes  and  rivers,  says  he,  why  not  for  seas 
likewise  ?  Surely,  the  cause  is  obvious.  Why 
are  we  not  to  believe  the  very  ocean  evacuates 
itself  by  subterraneous  out-lets?  for,  considering 
what  an  amazing  mass  of  waters  falls  into  it 
every  day  from  the  wide    mouths  of  all  the 
rivers  of   the  earth,  it    must    have  out-lets 
proportionable,  or  it  must  have  overflown. 

LETTER 


LETTER  XXy.  333 


LETTER    XXV, 


Although  we  have  already  bestowed 
some  attention  upon  the  agency  of  evaporation, 
it  yet  may  not  be  amiss  to  examine  it  with  a 
still  greater  degree  of  discrimination.  Heat, 
as  we  have  already  observed,  consists  in  the 
great  velocity  of  the  parts  of  matter ;  and  the 
velocity  of  the  particles  of  light,  is  the  greatest 
of  any.  Hence,  those  particles,  by  their  adion, 
always  produce  the  sensation  of  warmth :  Par- 
ticles of  heat  are  constantly  employed  to  se- 
parate parts  of  bodies,  and  by  this  means  to 
produce  exhalations.  Thus,  in  the  morning 
or  evening,  when  the  air  is  cool,  we  see  the  va- 
pours arise  from  the  earth  -,  even  our  very  breath 
becomes  visible,  as  it  then  wants  a  sufficient 
degree  of  heat  to  rarefy  the  particles,  and  make 
them  escape  the  sight.  For  it  is  proved  by 
cxperLmerit,  that  all  bodies  loose  their  parts,  in 
proportion  as  they  are  more  adluated  by  the 
power  of  heat ;  and  when  the  degree  of  heat  is 
very  intense,  there  are  but  few  bodies,  whose 

.     parts 
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ports  are  so  fixed^  or  coheir  so  firmly,  as  not  to 
be  separated  by  its  aftion. 

In  misty  weather,  we  see  frequently  the  mist 
of  the  morning  intiiely  vanishing  towards  the 
'  the  middle  of  day,  .  and  coming  on  again  to- 
wards the  evening ;  the  reason  of  which  seems 
to  be,  that  the  air  being  wanned  by  the  ap-*' 
proach  of  the  sun  to  the  meridian, .  is  able  to. 
dissolve  the  morning  mist;  but  as  the /air 
grows  colder  again  towards  eveniqg,  the  water 
which  had  been  perfectly  dissolved  by  the  mid« 
day  heat,  be^ns  to  be  precipitated,  the  tnmspa- 
tency  of  the  air  is  destroyed,  and  an  evening 
mist  is  formed.*  Mists  and  dews  will,  generally  . 
speaking,  be  the  greatest,  when  the   di&rence 
between  the  heat  of  the  air  in  the  day  time 
and  at  night  is  the  greateist,  because  the  hotter 
the  day,  the  greater  is  the  quantity  *of  Water 
which  is  dissolved,  and  the  colder  the  night, 
the  greater  will  be  the  quantity  which  will 
be  precipitated^ 

Thus  dews  are  extraordinarily  heavy  in  hot 
climates*  Who  would  suppose,  that  an  acre 
of  ground  in  England,  even  after  having  been 
parched  by  the  heat,  of  the  sun  in  summer^ 

could 
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could  disperse  into  th^  atmosphere  above  1 600 
gallons  of  water,  in  the  space  of  twelve  of  the 
hottest  hours  of  the  day  ?  no  yappur  is  seen  to 
ascend,  and  we  little  suppose,  that  in  the  hottest 
parts  of  the  day,  more  usually  ascends  than 
in  any  other.  But,  that  vapour  which  goes 
under  the  naaie  of  fc^  or  mist,  is  merely  that 
of  a  denser  kind,  which  is  too  heavy  to  be  im- 
mediately raised  up  into  the  air*  The  conden- 
sation of  this  vapour,  is  either  owing  to  a 
greater  degree  of  warmth  in  the  surface  of  the 
earth  and  water;  which  throws  it  off  in  a  greater 
proportion  than  common,  and  faster  than  it 
can  rise  through  the  atmosphere,  or  else,  to 
the  want  of  a  sufficient  degree  of  heat  in  the 
atmosphere,  to  attenuate  those  vapours,  and* 
increase  their  elasticity,  and  consequently  their 
rarity. 


Every  particle,  says  Bergman^  having  a  cer- 
tain force  of  attraction  for  the  principle  of  heat^ 
forms  a  little  atmosphere  for  itself.  As  long 
as  these  atmospheres  prevent  the  particles  from 
coming  into  conta(5t,  the  whole  remains  liquid ) 
when  the}^  are  enlarged,  the  distances  increase^ 
and  an  expansion  takes  place,  till  at  last,  the 
superficial  particles  are  resolved,  by  the  neces- 
sary quantity  of  heat,  into  clastic  vapour*     At 
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2X2^  the  whole  XDflM  uiid^igpes  this  chaagc« 
The  Yapouis  then  arise  in  gre^t  abundance^  aod 
produce  the  agitation  pf  boiling.  They  ex« 
ceed  the  bulk  of  the  water  14,000  times,  and 
then  the  vast  surface  is  able  to  absorb  a  far 
grcaier  quantity  of  beat  than  before.  Is  it  not 
thus,  that  ail  evap<mition  produces  cdd?  On 
the  other  hand,  the  excess  of  heat  being  gra- 
dually diminished  by  the  coolness  of  the  air, 
or  in  any  other  way,  the  bulk  of  the  vapour 
is  coDtra£ted»  and  the  particles  are  condensed 
at  last  into  drops  of  water. 

But,  evaporation- b  not  sdely  efieded  by  tho 
mediation  of  heat.*  Strong  dry  winds,  in  cold 
frosty  weather,  are  often  more  powerful  agents 
in  promoting  the  evaporation  of  water  and  other 
fluids,  than  the  greatest  heat  of  the  sun  in 
summer.  This  vapour,  however,  or  as  it  is 
meteorologically  explained^  tliis  thin  vesicle  of 
water,  or  other  humid  matter^  which  ascends 
to  a  certain  height  in  the  atmosphere,  there 
becomes  suspended,  till  it  returns  in  the  form 
of  rain,  hail,  or  snow.  An  assemblage,  or 
number  of  these  particles,  or  vesides  of  vapour, 
constitutes  what  we  call  a  cbxsd ;  for  we  easily 
can  conceive  that  mists  and  fogs  are  only  low 

clouds* 
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clouds,  or  ctouds  in  the  lowest  region  of  the 
UF»  as  clouds  are  no  other  than  fogs  raised  on 
high. 

The  ingenious  Dr.  Hamilton,  some  years 
ago,  examined  the  subjed  of  evaporation  with 
considerable  ability.*  In  all  the  accounts,  re-- 
marks the  DoAor,  I  have  met  with,  fire,  or  heat» 
and  rarefa&ion,  by  which  watery  vapours  are 
supposed  to  become  specifically  lighter  than  air, 
are  made  to  be  the  principal,  if  not  the  only 
causes  of  their  ascent  into  the  atmosphere.  Dn 
Niewentyt,  and  some  others,  supposed  that  the 
particles  of  fire,  by  adhering  to  those  of  water, 
make  up  molecular,  or  small  bodies  specifically 
lighter  than  air.  Dr.  Halley  thought,  that  by 
the  adion  of  heat,  the  particles  of  water  are 
formed  into  hollow  spherules  filled  with  a  finer 
air,  h^^y  rarefied,  so  as  to  become  specifically 
lighter  than  the  external  air.  And  Dr.  Desa- 
guliers  ascribed  the  ascent  of  aqueous  vapours, 
to  their  being  turned  into  an  elastic  steam, 
and  always  rsureikd  more  than  the  air  by  the 
degrees  of  heat,  to  which  bodies  ^e  usixally 
&ubje£t  in  the  different  seasons* 

Y  a  But, 
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But,  to  all  these,  I  ^hall  content  myself,  says 
Dr.  Hamilton,  with  starting  two  out  of  a  great 
many  objeftions.  First,  if  heat  were  the  only 
cause  of  evaporation,  water  in  a  close  room 
would  evaporate  faster  than  when  exposed  in  a 
colder  place,  where  there  is  a  constant  current  of 
air,  which  is  contrary  to  experience.  Secondly, 
the  evaporation  of  water  is  so  far  from  depending 
on  its  being  rarefied  by.heat,  that  it  is  carried  on 
even  while  water  is  condensing  by  the  coldness 
of  the  air  s  for  water  is  gradually  condensed  by 
'  cold^  till  the  moment  it  freezes ;  and  since  it 
evaporates  even  when  frozen  iiito  hard  ice,    it 

r 

must  evaporate  in  all  the  lesser  degrees  of  cold. 
Boyle,  for  instance,  having  counterpobed  a  piec^ 
of  ice  in  a  scale,  hung  it  out  in  a  frosty  nighty 
and  found  next  morning,  that  it  had  lost  con* 
siderably  of  its  weight  by  evaporation.  "  Who 
"  would  have  thought,  says  he,  that  so  extreme- 
*^  ly  hard  and  cold  a  body,  would  evaporate  so 
"  fast  in  the  clear  air  of  a  freezing  night  ?**  — 
And  since  that  time,  others  have  observed  the 
same  thing.  This  fa£k  seems  to  be  an  unan* 
swerable  objeftion  to  all  the  accounts  in  which 
rarefaiftion  by  heat  is  made  to  be  the  chief,  if 
not  the  only  cause,  of  evaporation ;  and  therefore 
we  must  have  recourse  to  some  other  principle^ 
to  assist  us  in  accounting  for  this  phsenomenon. 

For 
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For  my  part,  continues  the  Doftor,  when  I 
consider  that  the  suspension  of  the  particles  of 
water'  in  air,  of  salt  in  the  waters  of  the 
ocean,  and  of  other  heavy  bodies  ift  the  fluids 
that  dissolve  them,  which  seem  to  be  phae- 
nomena  of  the  same  kind ;  I  think  we  may 
reasonably  suppose,  that  they  arise  from  the 
same  cause,  and  that  what  we  call  evaporation, 
isnothing  more  than  a  gradual  solution  of  water 
in  air.  For  as  water  contains  a  considerable 
quantity  of  air,  so  does  air  contain  a  consider- 
able quantity  of  water^  even  wheh  we  think  it 
quite  pure  and  dry ;  as  appears  from  the  moist- 
ure drawn  from  it  by  dry  salt  of  tartar,  in 
such  qurntity,  as  to  make  the  salt  become  in- 
tirely  fluid.  Now,  since  the  air  is  an  heteroge- 
neous fluid,  containing  in  it  particles  of  another 
body,  and  yet  retaining  a  perfect  transparency, 
which  is  the  criterion  of  a  true  solution  in.other 
cases ;  why  should  we  not  infer  from  analogy, 
that  in  this  case  also,  there  is  a  true  solution  of 
water  in  air  ?  I  admit  that  heat  seems  to  pro- 
mote solution,  because  it  expands  bodies,  and 
thereby  enlarges  their  pores,  and  lessens  the  co- 
hesive attraction  of  their  particles ;  so  that  a 
body,  when  hot,  will  more  easily  admit  a  dis- 
solving fluid  into  its  pores,  and  its  particles  not 
cohering  together  so  strongly  as  when  cold,  will 
*"  -  Y  3  more 
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more  readily  quit  each  other,  and  unite  them  • 
pelves  to  the  particles  of  the  fluid  by  which  they 
are  attracted ;  and  for  the  same  reason,  heat 
will  also  promote  the  evaporation  of  fluids.  But 
even  with  this  concession,  I  cannot  conceive 
evaporation  to  be  any  thing  more  than  a  gra* 
dual  solution  of  water  in  air,  produced  and 
promoted  by  the  same  means,  by  attra&ion,  by 
beat,  and  by  motion,  as  other  solutions  aie 
effefted.  ' 

The  air,  we  know,  says  the  Do<3:or,  aboimds 
with  vitriolic  and  other  acids,  as  is  plain  from 
the  rusting  of  iron  exposed  to  it.  The  lowest 
part  of  this  air,  then,  being  pressed  by  the  weight 
of  the  atmosphere  against  the  surface  of  the 
water,  or  by  the  currents  of  the  winds,  and 
continually  rubbing  upon  it  by  its  motion,  has 
thereby  an  opportunity  of  attrading  and  dis- 
solving those  particles  with  which  it  is  in  con* 
tadl,  and  separating  them  from  the  rest  of  the 
water.  And  since  the  cause  of  solution  in  this 
(^ase,  is  the  stronger  attraiflion  of  the  particles 
of  water  towards  the  air,  than  towards  each 
other,  those  that  are  already  dissolved,  and  taken 
up,  will  be  still  further  raised  by  the  attraAion 
of  the  dry  air  which  lies  over  them,  and  thus 
will  difiuse  themselves,  rising  gradually  higher 

and 
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and  liigher,  and  thereby  leave  the  lowest  aur 
not  so  much  saturated,  but  that  it  wiU  be  still 
able  to  dissolve  and  take  up  fresh  particles  of 
water.  And  thus  ice  or  snow  will  eva{>orate  as 
well  as  water>  its  particles  being  attraded  and 
dissolved  by  the  air,  which  is  stroi^ly  pressed 
against  its  surface. 

But,  however  ingenious  this  reasoning,  it  is 
not  to  be  taken  altogether  without  hmitation* 
Air  may  have  in  some  instances  the  property 
of  producing  the  evaporation  of  fluids  ^  but 
there  are  other  vapours  which  undoubtedly  are 
raised  merely  by  heat.  Although  the  particles 
of  fluids  in  common  evaporation  may  be  sup- 
posed raised  into  the  atmosphere,  by  the  attradt- 
ing  and  dissolving  power  of  the  atir,  yet.  In  some 
particular  cases,  vapours  will  rise  into  the  air  on 
another  account.  For  in  some  places,  the 
earth  often  sends  forth  hot  elastic  vapours,  that 
rise  into  the  air  by  means  of  their  elasticity,  and 
carry  up  with  them  mineral  and  various  hetero- 
geneous particles.  Fermentation  generates 
elastic  vapours,  which  expand  themselves  into 
the  air.  And  the  particles  of  water  and  other 
fluids,  when  sufficiently  heated,  acquire  a  re- 
pelling force,  which  separates  them  from  the 
surface,  aad  throws  them  upwards  into  the  air. 

Y  4  But 
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But  all  these  rapours  soon  loose  that  elasticity 
by  which  they  were  at  first  raised,  and  they  must 
then  be  retained  and  kept  suspended  in  the 
air,  by  the  same  power  that  keeps  up  all  the 
vapours,  which  rise  without  any  elasticity  in 
common  evaporation. 

Against  this  theory  of  Dr.  Hamilton,  that 
vapour  is  no  other  than  a  true  chymical    solu- 
tion of  water  in  air,  many  difficulties   were 
stated  by  different  writers.     Dr.  Eeson,  in  par- 
ticular, objefts  very  justly,    i.  That  evapora- 
tion takes  place  in  Vacuo.     2.  That  on   this 
principle,  clouds  would  be  heavier  than  air  by 
itself,  and  therefore,  could  not  be  supported  at' 
any  height,  in  the  atmosphere.     3.  That   we 
could  have  no  rain,  unless  the  air  were  supersa- 
turated with  water,  as  it  would  part  only  with 
what  it  could  not  retain  in  solution.    4.  That 
though   heat  contributes  very   much  towards 
converting  water  into  vapour,  which  is  again 
condensed  by  cold,  yet,  water  spontaneously 
evaporates,  and  is  suspen^led  in  the  air  in  the 
coldest  weather.     Heat,   observes  this  Writer, 
is  the  great  cause  by  which  water  is  converted 
into  vapour;  which  vapour  is  found  to  be  1800 
times  lighter  than  our  air,  and  therefore,  must 
ascend,  till  it  comes  into  a  part  of  the  atmos- 
phere 
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phere  of  the  same  density  with  itself.  Heat  is 
not  to  be  considered  in  this  process,  as  a  transi-^ 
ent  agent :  a  quantity  of  it  enters  into  chymical 
combination  with  the  water,  being  essential  ta 
the  constitution  of  vapour  j  and  the  watery  par- 
ticles are  prevented  from  parting  with  this  la- 
tent or  combined  heat,  by  the  eUBricity  of  the 
atmosphere,  for  it  is  known  from  experiment, 
that  eledlricity  communicates  to  them  a  repul- 
sive force  with  respeft  to  one  another ;  that  it 
accelerates  evaporation ;  and  that  the  atmos- 
phere is  at  all  times  eledtrified,  not  less  in  the 
night  than  in  the  day ;  more  strongly  in  frost 
than  in  warm  weather ;  in  elevated  than  in  low 
places ;  and  as  strongly  near  the  surface  of  the 
earth  in  cold  countries,  as  at  considerable  ele- 
vations in  warm  ones.  And  this  sterns  a  wise 
provi^on  in  nature,  that  the  eleftric  matter 
should  appear  near  the  surface  in  cold  climates, 
to  raise  up  and  suspend  the  vapours,  which 
otherwise  would  be  condensed  by  the  cold; 
whereas,  in  warm  countries,  the  heat  of  the 
earth  will  be  sufficient  to  raise  vapours  to  a 
great  height,  which  are  afterwards  carried  still 
higher  by  the  eleftric  matter  in  the  upper 
regions :  and  this  perhaps  is  the  cause  why  the 
air  is  so  clear  and  transparent  in  warmxlimates. 

With 
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With  reaped:  to  the  faUing  of  rain,  says  otif 
Author,  twQ  clouds  possessmg  similar  ele&rici* 
ties^  repel  each  'other ;  but  if  the  ele&ricities 
xic  contrary,  they  attrad  and  run  together ;  the 
equilibrium  is  restored,  and  the  power  which 
kept  them  suspended  is  annihilated.  A  cloud 
passing  over  a  high  buildir^  or  mountain,  may 
in  Uke  manner  be  deprived  of  its  ele£lricity 
with  or  without  thunder ;  hence,  thunder  show- 
ers among  mountains,  are  so  frequently  partial, 
and  confined  to  a  small  space.  Fogs  are  pro- 
duced by  two  causes,  as  different  as  their  effeds 
are  opposite,  i .  A  precipitation  of  rain  in  very 
small  ^particles,  in  this  case,  the  air  is  moist, 
and  wets  the  traveller's  clothes  ;  the  stones  of 
the  street  are  covered  with  moisture,  which 
often  runs  in  large  drops.  2.  The  absorption 
of  moisture,  when  the  air  is  too  dry.  This  fad 
is  well  known  to  the  inhabitants  on  the  sea  coast 
of  Fi&shire,  who,  during  ti^  summer  months, 
have  frequent  opportunities  of  observing  a  fog 
in  the  a&ernoon,  driving  i^  the  Frith  of  Forth, 
with  a  chying  east  wind,  which  often  blasts  the 
trees  and  young  vegetables,  and  therefore,  in  a 
small  degree,  resembles  the  barmattan  in  drying 
up  the  ground,  and  robbing  vegetables  of  their 
ihoisture. 

This 


Tlus  hypothesis  of  the  deArical  agency  m 
evaporation)  was  first  started  by  Mr.  Eeles  ia 
1755.  Neither  impulsion^  says  he^  rarefa&ioa 
of  the  ^r,  nor  any  attradion  of  the  watery  par- 
ticles by  expansion,  is  sufficient  to  account  ior 
the  ascent  of  vapours.  There  is  but  one  way 
of  altering  the  ^ecific  gravity  of  the  particles 
<^  water,  so  as  to  render  them  lighter  than  air, 
the  adding  to  each  particle  a  suffident  quanti- 
ty of  some  fluid,  whose  elasticity  and  rarety  are 
exceedingly  greater  than  that  of  the  air.  This 
is  eleftricity.  All  fumes  arising  from  fire,  whe- 
ther blazing  or  otherwise;  all  steams  arising 
from  boiling  or  warm  water,  and  from  all  other 
fluids ;  the  breath  of  man,  and  all  other  apimals  ; 
and  all  the  effluvia  thrown  off  by  per^pimtion^ 
are  strongly  eledrified :  and  hence,  the  ascent 
and  descent  of  vapour  and  ex;halation,  attended 
by  this  eledtrical  fire  or  fluid,  is  the  cause  of  all 
the  regular  and  irregular  motions  we  find  in 
the  atmosphere.    ' 

An  hypothesis  so  reasonable,  and  so  capable 
of  support,  was  readily  adopted,  and  was  soon 
strengthened  by  new  observations,  and  by  ad- 
cUtional  dedudions.  If  the  air  be  loaded,  said 
the  favourers  of  this  dodrine^  with  conunon,  or 
witheledric  fire,  and  thus  loaded,  be  compressed 

by 
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by  adverse  winds,  or  by  being  driven  against 
mount^nS ;  (Jr  condensed  by  taking  away  the 
fire  that  assisted  in  its  expanding ;  contra<9ing 
the  air  with  its  water,  will  descend  as  dew ;  or 
if  the  water  siirrounding  one  particle  of  air 
comes  in  contaft  with  the  water  surrounding  an- 
other, they  Coalesce,  and  form  a  drop,  and  we 
have  rain.  Those  vapours  which  have  both 
common  and  eleftrical  fire  in  them,  are  better 
supported  than  those  which  have  only  com- 
mon fire  in  them :  for  when  vapours  rise 
into  the  coldest  region  above  the  earth, 
the  cold  will  not  diminish  the  eleftrical 
fire,  if  it  does  the  common.  Hence,  clouds 
formed  by  vapours  raised  from  fresh  waters 
within  land,  from  growing  vegetables,  moist 
earth  and  other  substances,  more  speedily  arid 
easily  deposit  their  water,  having  but  little  elec- 
trical fire  to  repel  and  keep  the  particles  separate, 
ftommon  as  well  as  eleftrical  fire  giving  repul- 
sion to  their  particles  of  water,  and  destroying 
the  attradlion  of  cohesion)  so  that  the  greatest 
part  of  the  water  raised  from  the  land,  is  let  fall 
on  the  land  again,  and  winds  blowing  from  the 
land  to  the  sea  are  dry.  On  the  contrarj%  clouds 
from  vapours  raised  from  the  sea,  having  both 
fires,  and  particularly  a  great  quantity  of  the  elec- 
trical, support  their  waters  strongly,  raise  it  high, 

and 
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and  being  moved  by  winds,  may  bring  it  over 
the  middle  of  the  broadest  continent,  from  the 
middle  of  the  widest  ocean. 

These  clouds  driven  against  mountains,  the 
mountains  being  less  eleftrified,  attrad:  them, 
and  on  contadt,  take  away  their  eledrical  fire, 
and  from  their  frigidity,  the  common  fire  also. 
Hence,  the  particles  close  towards  the  moun- 
tains and  towards  each  other,  and  fall.  If  much 
loaded,  the  eleftrical  fire  is  at  once  taken  from 
the  whole  cloud,  and  in  leaving  it,  flashes 
brightly,  and  cracks  loudly.  When  a  ridge  of 
mountains  thus  dams  the  cloud,  and  draws  the 
eledrical  fire  from  the  cloud  first  approaching 
it,  that  which  next  follows,  when  it  comes  near 
the  first  cloud  now  deprived  of  its  fire,  flashes 
into  it,  and  begins  to  deposit  its  own  water, 
the  first  cloud  again  flashing  into  the  mountain : 
the  succeeding  clouds  all  ad:  in  the  same  man- 
ner. And  hence  the  continued  storms  of  rain, 
thunder  and  lightning,  on  the  east  side  of  the 
Andes,  which  running  north  and  south,  and 
4)eing  vastly  high,  intercept  aU  the  clouds  brought 
against  them  from  the  Atlantic  Ocean  by.  the 
trade  winds,  an4  oblige  them  to  deposit  their 
waters,  by  which  the  vast  rivers  Amazon,  la 
Flate^  Oroonoko,  are  formed,  which  return  the 

water 
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water  into  the  same  sea>  after  havmg  fertilized 
a  country  of  great  extent. 

Even  a  country  without  mountains,  is  yet  not 
without  means  to  make  clouds  deposit  their 
water.  For  if  an  eledrified  cloud,  comii^ 
from  the  sea,  meet  with  a  cloud  raised  from  the 
land,  and  therefore  not  eledriiied,  the  forn[ier  wiL 
flash  its  fire  into  the  latter,  and  thereby  each 
cloud  will  deposit  its  water.  It  is  common  to 
see  clouds  at  different  heights,  passing  difierent 
ways,  which  shows  different  currents  of  air. 
The  air  between  the  Tropics  being  rarefied 
by  the  sun,  it  rises  -,  and  the  denser  southern 
and  northern  air  presses  into  its  place.  The  air 
so  rarefied  and  forced  up,  passes  northward  and 
southward,  and  must  descend  into  the  Polar 
Regions,  if  it  have  no  opportunity  before,  that 
the  circulation  may  be  carried  on.  When  it 
begins  to  descend  in  the  Polar  R^ons,  and 
gets  in  contafk  with  the  vapours  arising  there, 
the  eledtrical  fire  they  brought  b^ins  to  be 
communicated,  and  is  seen  in  clear  nights, 
being  first  visible  where  it  is  first  in  motion  ; 
that  is,  where  the  contaft  to  us  begins^  or  in 
the  most  northern  part :  thence,  the  streams 
of  fight  seem  to  shoot  southernly,  even  up  to 
the  asenith  in  northern  countries.    But,,  though 

the 
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the  light  seems  to  shoot  from  ^he  north,  south* 
erly,  the  progress  of  .the  fire  is  really  from  the 
souths  northerly ;  its  motion  beginning  in  the 
north,  being  the  reason  why  it  is  there  first 
seen.  Hence,  the  Aurora  Borealis  and  the  Au^ 
rora  Australis. 

As  you  have  visited  different  sea  coasts,  you 
cannot  but  have  remarked,  that  clouds  conti- 
nually arise  at  sea,  and  regularly  dired:  their 
course  towards  the  land,  and  especially  the 
highest  mountain.  Some  philosophers  have 
ascribed  this  to  an  attractive  virtue ;  but,  be- 
sides that  this  occult  quality,  as  we  have  already 
seen,  is  not  in  all  cases  to  be  implicity  admit- 
ted, the  mechanical  cause  of  the  phaenomenon 
may  be  explained  by  material  agents ;  namely,  in 
addition  to  the  eledtrical  agency,  the  law  of  the 
equilibrium  of  fluids,  by  which  the  heavy  air 
forces  the  lighter  upwards ;  for  continents,  when 
under  the  same  parallel,  and  of  like  elevation^ 
being  always  more  heated  than  s  as,  a  con- 
St  ant  current  of  air  must  take  place,  and  drive 
the  clouds  from  the  sea  towards  the  land. 
This  direftion  will  be  the  more  constant,  the 
more  the  mountains  are  heated.  If  the  va- 
pours meet  with  a  flat  and  level  country,  they 
will  glide  over  it,  as  we  have  said  before,  with- 
out 
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out  stopping,  because  the  land  being  equally 
heated,  there  is  nothing  to  cause  them  to  con- 
dense. This  is  the  reason  why  it  never,  or  but 
very  rarely,  rains  in  summer  in  Egypt,  or  the 
Desarts  of  Arabia  and  Africa.*  The  air  of  ^hesc 
countries  being  heated  and  rarefied,  repels  the 
clouds ;  and  as  it  is  the  nature  of  all  vapour  to 
be  elevated  by  Hot  air,  they  continue  to  float 
in  the  middle  region,  where  the  prevailing  cur- 
rent carries  them  towards  the  higher  parts  of 
the  continent :  here,  being  at  a  greater  distance 
from  the  surface  of  the  earth,  the  great  recep- 
tacle of  heat,  and  being  deprived  also  of  their 
ele&ric  fluid,  they  are  condensed,  till .  their 
particles  resolve  into  rain,  hail  or  snow. 

It  is  still,  however,  felt  to  be  exceedingly 
difficult,  to  comprehend  how  the  particles -of 
water  in  the  atmosphere,  should  want  power 
to  coUeft  themselves  into  heavy  drops,  and  fall 
downwards,  rather  than  to  remain  suspended  in 
the  form  of  clouds  or  vapour,  in  those  regions 
of  the  atmosphere  which  are  colder  than  the 
surface  of  the  earth. -f-  It  seems,  says  Cavallo, 
as  if  the  particles  of  water  in  that  state, 
were  aduated  by  two  powers :  namely,  their  own 
attraftion  towards  each  other,  and  some  other 

power, 
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power,  which  prevented  their  coming  so  near 
as  to  be  formed  into  water  -,  but  what  that 
other  power  is,  or  how  it  adts,  is  still  a  mys- 
tery. Moreover,  it  is  said,  how  is  it  possible 
to  conceive  that  clouds,  condensed  into  snow 
and  hail,  should  be  supported  in  the  tradls  of 
air,  on  the  principles  of  comparative  gravity? 
What  mighty  showers  of  hail-stones  sometimes 
fall,  so  large  even  as  not  to  be  dissolved  in  a  day 
or  two.  Now,  either  they  must  fall  from  an  in- 
credible height,  the  vapours  by  the  way  con- 
densing, and  as  it  were  crystallizing  them  into 
ice,  and  in  time  augmenting  them  to  that  bulk ; 
or  else  there  must  be  some  strange  and  un- 
known faculty  in  the  air  to  sustain  them.  In 
truth,  says  he,  the  treasures  of  snow,  and  of  hail, 
arc  among  the  secretjs  of  Nature,  upon  which 
we  may  meditate  with  wonder  and  pleasure,  but 
which  we  must  never  hope  to  explain^^ 

But  this,  however  respeftable  the  authority, 
I  cannot  accede  to ;  and  my  reason  is  this :  air» 
when  perfectly  clear  and  transparent,  as  it  is 
when  in  solution,  receives  very  little  heat  from 
light ;  but,  if  cloudy,  it  is  capable  of  jeceivmg 
a  certain  degree,  and  hence  cloudy  air,  and  even 
clear  air,  is  often  warmer  than  certain  kinds  01 
VOL.  1 4  Z  earth* 
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carth,  over  vAdch  it  isr  incumbent.  •  Air  is  also 
often  warmed  by  the  condensation  of  the  va- 
pours interspersed  through  it,  particularly  when 
this  condensation  arises  firom  cleftrical  agency  ; 
and  by  these  means,  the  upper  strata  of  the 
atmosphere,  are  often  warmer  than  those  which 
are  somewhat  lower  ^  and  hence,  the  origin,  as^ 
I  conceive,  of  hail,  which  h  rain  condensed, 
by  passing  through  air  cdxkr  than  that  in  which 
it  was  produced,  and  not,  as  the  Cartesians  ixna« 
gined,  the  fragments  of  z  frozen  cloud,  half 
mehed,  precipitated  and  congealed  again.  I 
suppose  it  will  be  generally  allowed,,  says  Doftor 
Franklin,  that  scarce  any  drop  of  water  was, 
when  it  began  to  fall  from  the  clouds,  of  a 
magnitude  equal  to  that  which  it  has  ac- 
quired when  it  arrives  at  the  earth ;.  the  same 
of  the  several  pieces  of  hail ;  because  they  are 
often  so  large  and  weighty,  that  we  cannot  con- 
ceive a  possibility  of  their  being  suspended  in 
the  air,  and  remaining  at  rest  there  for  any 
time,  how  small  soever ;  nor  are  we  acquainted 
with  any  means  of  forming  them  so  large,  before 
they  set  out  to  fall.  The  air  being  800  times 
lighter  than  water,  is  unable  to  support  water 
even  in  the  state  of  vapour.  Hence,  the  water 
of  a  cloud  is  first  formed  into  detached  di^ps 

of 
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of  rain,  which  falling  through  a  colder  region  of 
the  air,  are  there  congealed  in  their  pass^e,  and 
increase  in  bulk  in  the  short  space  of  their  fall. 

A  slight  agitation  of  a  fluid,  as  experiment 
shews,  facilitates  its  conversion  into  ice,  near- 
ly in  the  same  manner,  as  the  slightest  motion 
very  frequently  determines  the  crystallization 
of  certain  salts.  And  this  arises>  perhaps,  from 
the  circumstance,  that  by  this  means  the  calo- 
ric, which  is  interposed  between  the  particles^ 
and  may  oppose  itself  to  the  production  of  the 
phenomenon,  may  be  expressed  or  disengaged. 
Thus  hail  appears  to  be  nothing  more  than  a 
confused  crystallization.  When  it  snows  vio- 
lently. And  the  atmosphere  is  not  too  dry,  the 
air  is  observed  at  Moscow  to  be  loaded  with 
beautiful  crystallizations  regularly  flattened^ 
and  as  thin  as  a  leaf  of  paper.  They  consist 
of  an  union  of  fibres  which  shoot  from  the  same 
center  to  form  six  principal  rays,  and  these 
rays  divide  themselves  into  small  blades  ex« 
trcmcly  brilliant.  * 

Hail  and  snow,  therefore,  are  nothing  but 
modifications  of  ice.  The  former,  however, 
seems  to  be  peculiarly  produced  by  the  sudden 

Z  2  .  dis- 
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disengagement  of  the  elastic  fluid,  which  con*' 
curs  in  rendering  water  liquid,  and  is  ahnost 
always  accompanied  with  thunder.  The  very 
able  and  philosophic  M.  Chaptal  of  Mont- 
pelier,  relates  the  following  circumstance,  of 
which  he  was  an  eye  witness.  On  the  29th  of 
O&obcr,  1786,  four  inches  of  water  fell  at 
Mpntpelierj  a  violent  explosion  of  thunder, 
which  was  heard  about  four  in  the  evening, 
and  which  appeared  to  be  very  near,  caused  a 
most  dreadful  shower  of  hail.  At  this  instant, 
a  druggist,  who  was  employed  in  his  cellar  in 
preventii^  the  mischief  occasioned  by  the  fil- 
tration of  water  through  the  wall,  was  hi^y 
atonished  to  behold,  that  the  water  which  came 
through  the  wall,  was  instantly  changed  into 
ice.  He  called  in  several  neighbours  to  par* 
take  of  his  surprize^  I  visited  the  place,  says 
M.  Chaptal,  among  the  rest,  a  quarter  of 
an  hour  afterwards,  and  foimd  ten  pounds 
of  ice  at  the  foot  of  the  wall,,  and  was  well 
assured  it  could  not  have  passed  through  the 
wall  >  which  did  not  exhibit  any  crack,  but  ap» 
peared  to  be  in  very  good  condition.  Did  the 
same  cause,  which  determined  the  formation 
of  hail  in  the  atmosphere,  a<ft  equally  in  thh 
cellar? 


But 
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But  the  reconversion  of  air  into  water,  which 
we  lately  touched  upon,  that  is,  as  we  are  now 
to  consider  it,  the  formation  of  it  into  clouds 
and  rain,  has  opened  a  new  and  a  most  pleasing 
field  of  investigation.  De  Luc  is  the  philoso- 
pher who  has  the  most  minutely  entered  into 
this  subjeft.  This  reconversion  of  air  into 
vapour,  is  certainly  curious,  but  the  immediate 
cause,  De  Luc  does  not  pretend  to  have  dis^ 
covered.*  For  though  the  cause  of  the  trans^- 
formation  of  vapour  into  air  be  given,  says  he, 
it  does  not  follow  that  any  analogy  should  ob^- 
tain  in  the  converse  change.  The  theory  of 
winds  also,  would  appear  from  it,  to  be  very 
frequently  at  least,  a  direftly  chymical  effeft. 
When  a  mixture  of  dephlogisticated  and  in- 
flammable air  is  converted  into  water  by  the 
eledrical  spark,  an  explosion  happens,  that  is, 
in  becoming  vapour,  it  expands  into  a  large 
volume  ;  and  this  vapour  being  condensed  into 
water,  a  vacuum  is  left.  It  wiU  therefore 
readily  occur,  what  agitations  must  happen  in 
the  atmosphere,  from  the  expansion  which  ac- 
companies the  formation  of  a  cloud,  and  from 
filling  up  the  immense  vacuity  produced  by 
rain.     It  has  long  been  a  question,  what  be- 

Z  3  comes 
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comes  of  the  water  that  rises  in  vapour  into 
the  atmosphere,  and  in  what  state  it  subsists 
there,  between  the  time  of  its  evaporation,  and 
its  falling  down  again  in  rain  ?  Various,  as  we 
have  seen,  have  been  the  opinions  j  but  De 
Luc  contends,  that  the  water  which  forms  rain, 
though  it  has  ever  been  considered  and  reasoned 
upon,  as  producing  humidity y  does  not  possess 
that  property,  and  must,  therefore,  have  passed 
into  another  state.  The  upper  regions  of  the 
atmosphere,  notwithstanding  the  continual 
ascent  of  vapours,  and  the  diminution  of  heat 
at  the  same  time,  are  drier^  says  he,  than  the 
lower :  on  the  tops  of  high  mountains  a  degree 
of  dryness  prevails,  unknown  on  the  plains. 
The  air  on  mountains,  likewise,  is  drier  in  the 
night  than  in  the  day. 

On  every  hypothesis  of  rain  from  vapour,  con- 
tinues De  Luc,  as  it  is  heat  that  produces  the 
evaporation,  so  it  is  a  diminution  of  heat  that 
occasions  the  return  of  the  vapour  into  water ; 
and  therefore,  rain  should  happen  only  in  the 
night,  or  at  the  coldest  times  of  the  day; 
whereas,  experience  shews,  that  it  has  no  con- 
nexion with  heat  or  cold.  And  whatever  the 
degree  of  heat  be,  as  the  air  can  part  with  only 
so  much  of  its  water  as  it  is  unable  to  retain 

in 
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in  that  degree  of  heal,  no  rain  shoxildbe  formed 
unless  the  air  was  ss^urated;  and  yet  this  is 
very  contrary  to  observation. 

De  Luc'sgenecal  pR^tositbn  relative  todouds^ 
is,  that  they  do  not  arise  firom  watery  vapours, 
existing  as  such  in  the  lotmosphere ;  but,  that 
they  are  fottBcd  in  dry  air ;  that  they  consist 
of  bubbles  of  true  elastic  vapour,  each  coated 
with  a  watery  film,  like  the  bubbles  in  soap 
water;  and  hence,  with  jD^5j»jjtfr^,  he  calls  them 
vesicular  vapour,  whose  particles  may  be  distin- 
guished by  the  eye,  when  placed  at '  a  proper 
elevation,  with  a  dark  ground  of  mountains  or 
woods  behind  the  cloud«  These  clouds  are 
continually  changing;  they  do  riot  continue 
the  same  for  two  seconds  together.  Rain  is 
never  found,  but  when  the  vapour  is  produced 
too  abundantly,  and  too  rapidly  to  be  dispersed 
by  evaporation ;  the  vesicles  in  this  case,  run- 
ning together,  and  the  water  falling  to  the 
lower  part,  as  it  does  in  soap  bubbles,  till  they 
become  thin  enough  to  burst.  Another  strong 
proof,  that  vapour  must  change  its  nature  in 
the  atmosphere,  says  he,  is,  that  though  evapo- 
ration continues  for  several  months  together 
on  vast  extents  both  of  seas  and  continents,  the 
air  does  not  become  moister,  but  on  the  con* 
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trary,  more  and  more  dry.  Vapours  must 
change  their  state,  before  they  reach  the  tops 
of  mountains,  otherwise  they  would  fill 
those  cold  regions  with  eternal  fogs.  It  is  by 
the  conversion  of  the  vapours  into  another  state, 
into  an  aeriform  fluid,  that  the  mountains  en- 
joy a  transpai^ent  atmosphere,  and  that  the  rays 
of  the  sun,  are  permitted  to  reach  the  plains. 

This  theoiy,  as  you  will  perceive,  is  built 
ypon  the  late  supposed  discovery  of  the  mutual 
cottveriibiliiy  of  water  and  air;  a  principle,  un- 
doubtedly, of  most  extensive  influence  in  the 
occonomy  of  Nature.  But,  what  is  the  par- 
ticular species  of  this  aeriform  fluid,  into  which 
the  watery  vapours  in  the  atmosphere  are  con- 
verted ?  Water  appears,  on  the  ground  of  late 
experiment  (at  least  so  it  is  asserted)  to  con- 
sist of  dephlogisticated  and  of  inflammable  airs, 
deprived  of  great  part  of  their  latent  fire,  which 
is  essential  to  the  aerial  state.  Now,  De  Luc 
joining  his  idea  of  homogeneity  of  atmospheric 
air,  to  Mr.  Cavendish's  experiments,  of  nitrous 
acid  being  produced,  while  those  two  airs  are 
decomposed  in  water,  supposes  atmospheric  air 
to  consist  of  these  two,  combined  with  that 
f  rinciple,  which  discriminates  the  nitrous  acid 

from 
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from  the  other  bodies  of  its  class;  so  that  at- 
mospheric air,  by  being  deprived  of  this  prin- 
ciple and  a  certain  quantity  of  its  latent  fire, 
•  becomes  watery  vapour  or  water;  and  water, 
by  the  union  of  fire,  and  the  nitrous  principle 
with  it,  becomes  atmospheric  air. 

In  all  that  we  have  yet  said,  however,  on  the 
subject  of  solution,-  and  the  consequently  dia- 
phanous state  of  the  atmosphere,  we  have  not 
touched  upon  one  principle,  on  which  both, 
but  more  particularly  the  latter,  depend. 
Transparency  and  opacity  are  properties  of 
matter.  Light,  in  its  passage,  penetrates  the 
porous  vacuities,  and  is  differently  affefted  in  its 
passage,  as  the  ^  units  or  atoms  of  matter  are 
differently  figured,  and  differently  posited  in 
regard  to  their  pores.  The  rays  of  that  uni- 
form white  light,  by  which  all  objedls  are  ren- 
dered visible,  proceed  in  strait  lines ;  but,  when 
the  rays  are  broken  and  dissipated  into  a  variety 
of  directions,  they  no  longer  affeft  us  witjj  the 
same  sense  of  light.  When  the  interstitial  va- 
cuities of  bodies  are  so  disposed,  that  the  light 
can  preserve  its  reftilinear  course  through  them^ 
such  bodies  appear  luminous  throughout,  and 
are  visible  in  their  internal  substance  ;  but  when 
their  constitution  is  such,  as  will  not  allow  a 

free 
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five  passage  to  the  lj§^t,  they  are  then  visiUe 
only  by  those  rays  which  are  >refleded  from  their 
sur^e,  and  their  internal  surface  k  opaque  or 
daric.  It  may  reasonably  be  supposed^  that 
the  atomsy  or  units,  of  which  bodies  are  com- 
posed, being  impenetrable  in  their  nature,  will 
be  impervious  to  the  rays  of  light,  how  subtile 
and  powerful  soever  the  light  may  be  in  its 
own  nature. 

The  instance  of  the  separation  of  the  primary 
colours  of  light,  which  seems  the  most  remark- 
able, is  that  of  the  rainbow.  It  is  formed  in 
gjcoeral  by  the  refledion  of  the  rays  of  the  sun's 
fight,  from  the  drops  of  falling  rain>  whose 
surfaces,  as  we  have  already  seen,  are  convex 
(for  if  a  small  hole  be  made  in  a  plate  of  metal^ 
or  other  thin  substance,  and  carefully  fiUed 
with  a  drop  of  water,  small  objects  may  be  seen 
throi^h  it  distindly,  and  as  with  a  microscope, 
much  magnified) ;  though  frequently  it  appears 
among  the  waves  of  the  sea,  whose  heads  or 
tops  are  blown  by  the  wind  into  small  drops  -, 
and  is  sometimes  seen  on  the  ground,  when  the 
Sim  shines,  on  a  very  thick  dew.*  Cascades  and 
fountains,  whose  waters  are  in  their  fall  divided 
into  drops^  exhibit  rainbows  to  a  spedator,  if 

properly 
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properly  situated  during  the  timje  of  the  6un'$ 
shining ;  as  at  the  feiU  of  Stiuback,  which  you 
visited  last. year,  on  your  way  to  the  Glaciers  of 
Griendelwald.  Even  water  blown  violently  out 
of  the  naouth  of  an  obsenrer,  who^e  back  is 
twned  towards  the  sua,  never  ^edls  to  pjoduc^ 
the  same  phasnomenon.  This  fippearance  is 
also  seen  by  moonlight. 

The  opposers  of  Newton*s  discoveries  oa 
light  and  colours,  have  strangely  affirmed,  that 
he  taught  that  the  rays  of  light  were  coloured. 
But,  the  error  of  this  assertion,  I  need  not  point 
out  to  you.  The  air,  we  know,  reflefts  the  blue 
rays  most  plentifiilly,  and  must  therefore  trans* 
mit  the  red,  orange  and  yellow^  more  copiously 
than  the  other  rays.  If  the  light  of  the  setting 
sun,  by  passing  through  a  long  traft  of  air,  be 
divested  of  the  more  xeflexible  rays,  the  green, 
blue,  indigo  and  violet,  the  remainder,  wliich  is 
transmitted,  will  illuminate  the  western  clouds 
with  an  orange  colour  -,  and  as  the  sun  sets 
more  and  more,  the  tra£t  of  air  through  which 
the  rays  must  pass,  becoming  longer,  the  yel- 
low and  orange  are  refleded, '  and  the  clouds 
grow  more  deeply  red,  till  at  length  the  disap- 
pearance of  the  sun  leaves  them  of  aieaden  hue, 

by 
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by  the  refledion  of  the  blue  light  from  the  air. 
A  similar  change  of  colour  is  observed  on  the 
snowy  tops  of  the  Andes  and  Alps. 

Between. the  parts  of  opaque  or  coloured 
bodies,  are  many  spaces,  as  I  have  already  said, 
which  are  either  empty  or  replenished  with 
mediums  of  other  densities.  Hence  they  be* 
come  transparent,  by  filling  their  pores  with 
any  substance  of  an  equal,  or  nearly  an  equal 
density  with  their  parts.  Thus  paper  dipped 
in  water  or  oil ;  the  ocubis  intmdiy  or  hydropha- 
nous  stone,  steeped  in  water ;  and  many  other 
substances,  soaked  in  such  liquors  as  will  inti- 
mately pervade  their  pores,  become  by  that 
means  more  transparent  than  otherwise.  So 
Oin  the  contrary,  the  most  transparent  sub- 
stances may,  by  evacuating  their  pores,  or  se- 
parating their  parts,  be  rendered  sufficiently 
opake,  as  salts  or  wet  paper,  or  the  oadia 
mtmdiy  by  being  dried ;  horn,  by  being  scraped ; 
^ass,  by  being  reduced  to  powder,  or  otherwise 
flawed ;  and  water,  by  being  fdrmed  into  many 
«maU  bubbles,  either  alone  in  the  form  of  froth, 
or  by  shaking  it  together  with  oil  of  turpentine, 
or  some  other  convenient  liquor,  with  which  it 
will  not  perfedtly  incorporate. 

But, 
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But,  I  will  here  release  you  from  this  com* 
plicated  subjc6t  The  height  of  the  atmos« 
phere,  as  I  formerly  explained  to  you,  has 
never  yet,  and  never  can,  in  my  opinion,  be 
thoroughly  ascertained.  The  elevation  of  va- 
pours, however,  is  in  some  respe&s,  precisely 
to  be  known.  The  height  at  which  vapours 
freeze,  says  BuRbn,  is  about  2400  fathoms  iit 
the  torrid  zone,  and  about  1 500  fethomis  in 
France.  The  highest  clouds,  continues  he, 
do  not  rise  above  the  level  of  the  sea  more 
than  3600  fathoms :  hence,  if  our  mountains 
were  higher  than  they  are,  we  should  see  in  the 
torrid  Zone  a  belt  of  snow  commencing  at 
2400  fathoms  above  the  level  of  the  sea,  terrm-* 
nating  at  3500,  or  3600  fathoms,  not  on  acr 
count  of  the  cessation  of  cold,  which  augments 
in  proportion  to  the  elevation,  but  because  the 
vapours  would  not  rise  higher.  But,  I  shall 
have  a  good  deal  to  say  to  you  on  this  head, 
in  some  future  letter ;  I  shall  now,  therefore^ 
conclude  with  just  remarking,  that  the  va- 
pourous,  or  obscure  part  of  our  atmosphere, 
is  only  about  the  height  of  the  1980th  part 
of  the  earth's  diameter,  as  is  evident  from  the 
height  of  the  clouds,  which  is  liever  above  four 
miles* 
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The  sublime  and  yet  beautiful  process  of 
evaporation,  which  relieves  the  earth  from  su- 
perfluity, and  adorns  our  horizon  with  tints  of 
the  most  glowing  brightness^  is  yet,  because 
not  familiar  to  our  senses,  of  apparently  less  con- 
sequence than  that:  of  condensation.  The  vapours 
which  we  have  seen  to  rise,  at  length  precipitate 
tbemselve;^  in  r2in,  in  snow,  or  in  hail.  If  on 
low  lands,  or  on  mountains,  whose  elevations  do 
i^  reach  to  the  freezing  region,  they  glide  away, 
or  rush  down  in.  torrents.  If,  on  the  contrary, 
the  Cordeliers,  or  the  Alps,  are  their  receptacle^ 
they  there  concrete  into  solidity,  and  at  their 
summer's  leisure,  but  with  ponderous  dignity 
stream  along  the  earth,  for  the  benefit  of  the 
cieatiom 

The  larger,  al  well  a^  smaller  rivers,  proceed 
either  from  a  confluence  of  brooks  and  rivulets, 
or  from  lakes;  but  no  river  of  considerable 
m^nitude  flows  from  one  sprmg.  or  one  lake, 
but  is  augmented  by  the  accession  of  others. 

Thus 
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Thus  the  Wolga  receives  above  cwo  butidiQd 
rivers  and  brooks,  before  it  discharges  itse)fnito 
the  Ca^ian  sea ;  and  the  Danube  t^ceives  no  less, 
before  it  enters  into  the  Euxine.  Some  rivers^ 
those,  for  instance,  in  the  country  where  you  vs^ 
side,  are  greatly  augmented  by  the  dissolution 
of  the  ice  and  snow.  In  the  country  of  Peru 
and  Chili,  there  are  small  rivers,  ir  is  said,  that 
only  flow  in  the  day,  because  they  are  only  fed 
-  by  the  snow  on  the  mountains  of  the  Andes> 
which  is  then  melted  by  the  heat  of  the  suiw 
There  are  also,  it  is  reported,  several  rivers  upon 
both  sides  the  extreme  parts  of  Africa,  and  ia 
India,  which,  for  the  same  reason,  are  greater 
by  day  than  by  night.  The  rivers  also  in  other 
places  are  almost  dried  up  in  summer,  but  swell 
and  overflow  their  banks  in  winter,  or  in  the  wet 
season.  Thus  the  Wolga,  in  May  and  June,  is 
filled  with  water,  and  overflows  its  shelves  and 
islands,  though  at  other  times  of  the  year  it  is  so 
shallow,  as  scarcely  to  afR>rd  a  passage  for  loaded 
vessels.  -  The  Nile,  the  Ganges,  the  Indus,  are 
so  much  swelled  with  rain,  or  meked  snow,  that 
they  overflow  their  banks;  and  these  deluges 
happen  at  diflerent  times  of  the  year,  because 
they  proceed  from  different  cAuses«  Those  that 
are  swelled  with  rain,  are  generally  highest  in 
Winter^  because  rain  is  usuidly  thea  more  fre- 
quent 
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quent  than  at  other  times  of  the  year ;  but  if 
they  proceed  from  ice  or  snow,  which  in  some 
places  are  melted  in  the  springs  in  others  in  the 
summer,  or  between  both,  the  deluges  of  thd 
rivers  happen  accordingly* 

The  running  of  rivers,  as  I  have  already  re^ 
marked  to  you,  is  upon  the  same  principle  as 
the  descent  of  bodies  on  inclined  planes ;  for 
St  is  as  impossible  for  water,  as  for  asolid  body, 
to  move  on  an  horizontal  plane ;  the  re-a£Uon  of 
such  a  plane,  being  equal  and  contrary  to  gra* 
vity,  entirely  destroys  it,  and  leaves  the  body  at 
vest.  Here  I  speak  of  a  plane  of  small  extent, 
and  such  as  coincides  with  the  curved  surface  of 
the  earth.  But  if  we  consider  a  large  extent,  or 
long  course  of  water,  then  we  shall  find  that 
such  water  can  never  be  at  rest,  but  when^  the 
bottom  of  the  channel  coincides  every  where 
with  the  curved  surface  of  the  earth.  Hence, 
therefore,  since  bodies  move  on  planes  even 
in  the  smallest  degree  inclined,  except  so  far 
as  they  are  prevented  by  friftion;  and  since 
the  fridtion  of  the  particles  of  water  anK>ng 
themselves  is  inconsiderable,  it  follows,  that  the 
water  situated  on  a  plane  ever  so  little  inclined^ 
vrill  commence  a  motion ;  and  if  the  plane  be 
considerably  inclined^  and  the  quantity  of  water 

peat. 
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great^  its  velocity  will  be  proportional,  and  it$ 
momentum  such  as  will  soon  begin  to  wear  away 
the  earth,  and  create  itself  a  course  or  channel 
to  glide  in.  In  artificial  canals  it  is  usual,  I 
am  tokl^  to  allow  the  fall  of  one  foot  in  300 
yards. 

Switzerland,  perhaps  of  all  countries  in  the 
world,  is  the  most  richly  furnished  with  exam- 
ples and  demonstrations  of  the  subjed  on  which 
we  are  now  engaged.  The  Glaciers  alone  are 
inexhaustible  sources,  to  which  we  may  apply 
for  information.  ^*  The  origin  of  glaciers," 
says  De  Saussure,  their  most  enlightened  his*' 
torian,  "  is  simply  this :  In  the  vallies  of  the 
high  Alps,  an  immense  quantity  of  snow  is  ac- 
cumulated ;  not  only  because,  for  nine  months 
together,  all  the  water  which  in  inferior  regions 
falls  in  rain,  there  falls  in  snow^  but  particularly 
because  the  rapid  shelvfngs  of  the  mountains 
throw  into  their  bosomis  all  the  snow  which  is 
beat  against  them,  but  which  they  are  incapable 
of  retaining).  **  Lfes  rochcrs  nuds  &  escarpes  ne 
pouvent  pas  retenir  les  neiges  qui  s*ent  assient 
suf  leurs  flancs,  elles  glissent,.&  forment  ces 
avalanches  terribles  dont  nous  parlerons  ailieurs/' 
The  snows,  accumulated  by  these  two  catises  at 
the  bottom  of  the  higher  vallies,  condensed  by 
VOL.  1.  •      A  a  their 
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their  fall,  and  by  the  pressure  of  their  gravity, 
remain  without  any  alteration,  until  the  heat  of 
the  sun,  in  summer,  resolves  a  part  of  them  :  I 
say  a  part  of  them,  for  it  is  observed,  that  these 
avalanches  which  fall  into  the  lowest  vallies, 
scarcely  can  be  melted  by  the  heat  of  a  whole  sum- 
mer ;  and  consequently  those  which  tumble  into 
the  uninhabitable  vallies,  can  never  undergo  an 
entire  dissolution.  In  the  higher  vaUies,  however, 
large  masses  of  snow  remain ;  the  parts  melted, 
and  the  rains,  which  the  snow  imbibes,  becoming 
ice  in  winter,  and  exhibiting  those  porous  glaciers, 
which  are  universally  to  be  met  with.  From 
this,"  continues  De  Saussure,  **  it  is  evident, 
that  the  glaciers  in  the  elevated  vallies  of  the 
Alps  have  not  been  formed  either  by  the  con- 
gelation of  great  reservoirs  of  water,  nor  by  the 
aggregation  of  laminae  of  frozen  water  or  ici- 
cles. All  ice  so  formed  is  transparent  and 
compa£t.  On  the  contrary,  the  bubbles  with 
which  the  glaciers  are  filled,  shew  manifestly, 
that  they  were  snow  which'  had.  imbibed  rain, 
and  which  had  been  congealed,  before  the  rain 
could  have  driven  out  all  the  particles  of  air 
which  were  contained  in  them.  The  experi- 
ment of  artificially  congealing  wetted  snow  will 
prove  this. 

This 
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This  coosolidatidQ  of  fluids,  or  rather  the. 
manner  in  which  it  is  efle£ted,  has  ckxasioned  a 
good  deal  of  dispute;  particularly^.as  by  experi- 
ment it  has  been  ascertained,  that  water,  for  in- 
stance, impregnated  with  vitriolic  acid,  easily 
freezes,  retaining  all  its  air ;  which  is  the  reverse 
of  water  impregnated  with  marine  acid  air, 
which  will  not  freeze ;  and  in  another  respedl 
with  water  impregnated  with  fixed  air,  which 
in  freezing  parts  with  its  air.  *  .  Philosophers, 
indeed,  have  never  agreed  as  to  the  cause  of  this 
phsenomenon.  The  Cartesians  accounted  for  it 
by  the  recess,  or  going  out  of  the  etherial  mat-* 
ter  from  the  pores  of  the  water.  The  Corpus- 
cularians,  on  the  other  hand,  attributed  it  to  the 
ingress  of  frigorific  particles,  as  they  called  them. 
Hobbes  asserts,  that  these  particles  are  nothing 
else  than  common  air,  which  entangling  itself 
with  the  particles  of  water,  prevents  their  mo- 
tion. Others  will  have  a  kind  of  nitrous  salt  to 
be  the  cause  of  congelation,  by  insinuating  it- 
self between  the  particles  of  water,  and  fixing 
them  together,  as  it  were,  with  nails. 

Cold  in  general  denotes  the  privation  or  ab- 
sence of  heat ;  and  consequently  those  who 
suppose  heat  to  consist  in  a  brisk  agitation 
of  the  component  particles  of  the  hot  body, 

A  a  2  define 
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define  cold  t6  be  such  i  fdiAt  motibfi  of  these 
paits,  as  U  either  alt<^tfaie^|  dr  nearfy,  imper- 
ceptible to  our  otpsa%  of  feel^;  in  which 
aense^  cold  is  a  tifere  terth  of  relation  between 
the  cold  body  and  the  -organ  dl  sensiition ;  and, 
m  faft,  the  sime  bocfy  will  b^  felt  either  hot  or 
cold,  according  as  thie  ^nisibte  otgan  is  colder 
or  hotter  than  it.  fte  this  as  k  may^  coLd  is 
fbnnd  to  have  very  considerkfaie  eflfeds,  and 
thereifbre  should  seem  to  be  itimttimg  positive. 
An  intense  degree  of  heat  r<$ckices  titiost  bodied, 
the  hardest  Stones,  eveii  the  diamond,  to  a  fltaid 
sf^te*  Otk  the  other  h^nd,  fluids  are  mot  only 
restored  to  their  fofdfer  ^idic^  by  cold^  b» 
greater  d^rees  of  it  vnll  congeal  not  o&iy  ^« 
ter  in  coAimon,  but  the  wafcery  particles  to  be 
in  spirits. 


The  diain  of  our  iAvestigsftions  has  already 
kd  IB  to  the  assertio]^,  that  it  is  proiteible)  $M 
substances  m  nature  would  become  solid,' jfitom 
the  universal  attradlion  of  cohesion,  were  it  ikut 
for  the  element  of  firr,  which  expands  their  parts, 
and  prevents  their  positive  contad:.  To  this, 
hoiWever,  ice  may  s^m  as  an  exception,  because 
ice,  or  latber  water  converting  into  ice,  power-* 
fulfy  e^tpands,  While,  &t  the  same  time,  it  is  said 
to  part  with  iti  fire.  This  phsenomenon,  indeed, 

they 
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they  account  foTy  by  sayiog,  that  water  is  %  salt, 
and  in  cfystaUizing  into  ice,  leaves  greater  spaces 
than  were  between  the  particles  pf  water/  which 
spaces  being  entirely  filled  with  air,  the  qiass  ex- 
pands, and  befTomes  specifically  liebter,  thaugjh 
larger ;  but  let  this  ice  be  pounded,  and  cran^- 
mcd  so  close  as  that  the  air  shall  be  expeHed,  it 
will  then  manifest  all  the  appeairanqes  and  pro- 
perties of  cpntradion,  from  the  want  of  fire. 

The  principal  of  all  the  cold  ebullitions,  chy- 
mically  speaking,  is  the  a6t  of  freezing.  When 
water  is  congealed  into  ice,  a  great  number  of 
bubbles  are  produced  in  it,  and  imprisoned  in 
the  body  of  ice,  where  they  are  distinguishable 
to  the  sight,  by  reason  of  the  transparency  of 
the  substance  :  and  when  the  ice  melts,  all 
these  bubbles  are  discharge  at  the  sur&ce.  As 
these  bubbles  are  produced  in  the  aA  of  freez- 
ings the  water  is  extended  in  bulk  about  one* 
tenth  part,  and  with  such  a  force,  as  no  vessels 
are  able  to  resist.  And  hence  it  is,  that  ice  is 
specifically  lighter  than  water,  and  floats  with 
one-tenth  part  of  its  thickness  extant  above  the 
water  that  bears  it.  "  The  bubbles  so  contained, 
in  water,  however,*'  says  Jones,  "  are  not  air;  * 
it  being  impossible  that  air  within  such  narrow 

A  a  3  dimensions 
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dimcxisions^  should  exert  such  an  expansive 
force^  unless,  indeed,  we  should  suppose  it  to 
be  incredibly  condensed,  which  is  by  no  means 
the  case ;  neither  has  the  fluid,  which  is  so  col- 
lected, the  properties  of  air.  Besides,  water, 
pui^ed  as  much  as  possible  of  its  air,  by  being 
first  boiled,  and  then  placed  for  many  hours  in 
vacuo,  will  yet  freeze  with  the  same  colle6kion 
of  bubbles,  and  with  the  same  force.  It  is  not 
air,  therefore,  but  the  matter  of  fire,  or  that 
ether  which  is  continually  circulating  through 
all  things,  and  which  is  arrested  in  its  passage 
through  the  water,  when  it  is  consolidated  into 
ice ;  in  a  word,  if  a  given  quantity  of  water  be 
frozen,  and  afterwards  thawed,  it  will  not  fill 
the  same  vessel  it  would  have  done  befoi^  it  was 
frozen.  It  loses  its  weight  by  being  changed 
into  ice,  by  the  incessant  zGdon  of  the  air  on  its 
surface  :  by  fireezing  it  is  likewise  deprived  of 
the  greatest  part  of  its  air^  and  water,  when 
saturated  with  air,  is  somewhat  larger  in  bulk 
than  when  deprived  of  it,  * 

From  what  I  have  said  above  of  the  origin  of 

glaciers,  it  might  naturally  be  concluded,  that 

accumulating  always,  that  is,  not  melting  away 

so  much  in  summer,  as  they  gain  in  growth  in 

winter, 
•  Bishop  Watson. 
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Winter,  they  would  in  time  get  to  a  most  tre- 
mendous bulk.  But,  fortunately,  nature  has 
put  bounds  to  their  increase.  During  the  sum- 
mer, the  sun,  the  rain,  the  hot  winds,  labour 
to  destroy  them ;  and  evaporation,  which  has  a 
considerable  effedl  on  ice  and  snow,  particularly 
in  an  air  rarefied,  helps  likewise,  even  during 
the  greatest  colds,  to  dissipate  them.^  But 
these  causes  only  prevent,  in  a  slight  degree, 
the  annual  growth  of  snow  and  ice.  Two  other 
causes,  more  powerful,  answer  the  end  com- 
pletely. One  of  these  is  the  internal  heat  of 
the  earth,  which  melts  them  even  in  the  heart 
of  the  severest  winters ;  the  weight  and  con- 
sistency of  their  masses,  and  their  excessive  im- 
penetrability to  the  aAion  of  cold,  sheltering 
the  surface  on  which  they  repose  from  the  ex- 
ternal atmosphere.  The  other  is  their  gravity^ 
which  drags  them,  with  a  rapidity  more  or  less 
great,  into  the  lower  vallies,  where  the  heat  of 
the  summer  is  sufficient  to  melt  them.  Thus 
the  more  they  accumulate,  the  more  they  a£t 
towards  their  own  destru6tion.  They  increase 
in  gravity,  and  consequently  tend  more  to  their 
fall ;  and  increase  in  thickness,  and  conse- 
quently tend  more  to  their  dissolution. 

A  a  4  Our 

*  Pe  Sauisurt • 
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Our  earth  receives  from  the  sun,  and  pro- 
bably from  other  causes,  as  w^  have  already 
noticed,  which  are  not  wel}  known  K>  us,  a  cer- 
tain degree  q(  h^at,  which  is  supposed  to  be 
universally  tbp  same  at  the  depth  pf  sixty  or 
eighty  feet,  and  to  be  unaffefted  by  the  varia- 
tion pf  the  seasoiis.  This  is  what  we  h^re  mean 
by  the  internal  heat  of  the  earth.  *  This  heat 
a&s  continually  on  the  inferior  beds  of  ice,  and 
causes  torrents,  which,  even  in  the  severest  wjn- 
tersi  are  never  stopped,  from  the  great  glaciers, 
*^  Thi3,'*  says  De  Saussure,  *^  I  proved  on  the 
spot  myself  in  winter,  at  Chamouni,  where  the 
currents  of  water  that  issued  were  still  very 
considerable,  though  certainly  not  so  abundant 
^8  in  the  summer,"  On  this  resolution  of  ice 
into  its  former  fluid  state,  Boerhaave  observes, 
^'  Tha;  if  a  sudden  thaw  takes  place  after  a 
long  sharp  frost,  which  has  bound  up  the  rivers, 
and  penetrated  the  earth's  surface  to  a  consider- 
able depth,  it  is,  usually,  quickly  succeeded  by  a 
multitude  of  clouds  and  uncommon  heats,  and 
then  by  thunder  and  lightning.  The  rcasori," 
says  he,  ^^  is,  that  the  vapours  and  exhalations 
raised  by  the  subterraneous  heat,  have  long  re- 
mained imprisoned  under  the  covering  of  thjp 
earth ;   as  appears  hence,  that  if  the  ice  of  a 

ditch 

*  DeSausMiFe, 
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ditch  be  broken  in  the  middle  of  a  seyere  frpst^ 
it  presently 'emits  warm  vapours ;  and  this  the 
more  plentifully,  as  well  as  the  hotter,  in  pro* 
portion  to  the  hardness  of  the  frost,  and  the 
thickness  of  the  ice.  As  soon,  therefore,  as  the 
exterior  frozen  turf  of  e^rth  is  softened  by 
warmth,  the  pent  up  vapours  immediately  escape 
through  all  the  passages  they  can  findf  and 
mounting  on  high,  form  clpuds,  which  being 
driven  about,  and  sometimes  illumined  by  the 
sun,  produce  such  eflfefts-  Henpe,  the  violent 
thunders  in  Muscovy,  Sweden,  and  Penm^rk, 
after  a  thaw." 

But,  this  subject  might  be  still  ftirther  eluci- 
dated, by  the  known  fa£t,  that  all  substances, 
while  dissolving,  lose  their  phlogiston,  which 
flies  off  in  an  aerial  form,  or  in  inflammable  air. 
Hence,  besides  the  laws  of  rarefaftion  occasioned 
by  heat,  bodies  passing  from  a  state  of  solidity 
to  that  of  fluidity,  always  produce  a  cold,  as  ^^It^ 
dissolving  in  water ;  and  hence  aUq  it  is,  that 
fluids  capable  of  concretion,  acquire  a  heat  in 
becoming  solids.  '^  Heat,"  says  Mr.  Cavendish, 
*^  is  generated  in  the  congelation  of  fluids,  and 
cold  in  the  liquefaction  of  solids." 

7  The 
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The  different  degrees  of  heat  and  cold,  how- 
ever. With  all  their  consequences  on  the  element 
of  which  we  are  treating,  as  much  as  the  difie- 
rence  of  the  seasons,  depend  upon  the  change 
of  the  position  of  the  globe,  with  resped  to  the 
sun,  the  only  visible  fountain  of  warmth  and 
life.  The  natural  state  of  this  globe,  one  would 
be  inclined  to  think  temperate.  It  is  this 
warmth  which  secures  springs  from  being  fro- 
zen, few  winters  proving  so  cold,  as  to  pene^ 
trate  the  earth,  to  more  than  twelve  or  four- 
teen  inches  beneath  the  surface.  The  transi- 
tions from  heat  to  cold,  in  the  air  embracing  our 
globe,  are  chiefly  owing  to  the  elevation  and 
depression  of  the  poles,  which  causes  so  great  a 
change  in  the  situation  of  the  eanh,  that  the 
obliquity  and  perpendicularity  in  which  the 
rays  of  the  sun  £ill,  are  continually  in  a  state 
of  variation.  There  are  other  causes  indeed. 
Qouds  will  sometimes  propagate  heat  by  re- 
flexion, and  sometimes  they  will  propagate 
cold.  Mountains  too,  and  local  peculiarities, 
will  have  a  powerful  effed.  Under  the  equa- 
tor, however,  the  sun  in  one  hour  moves  fif- 
teen geometrical  degrees,  or  nine  hundred  miles. 
Under  the  tropic  he  moves  the  same  number 
of  degrees,  but  the  degree  there  is  only  fifty- 
five 
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five  miles,  consequently  he  moves  there  but 
eight  hundred  and  seventy-five  miles  in  the 
hour,  which  is  seventy-five  miles  less  than 
under  the  equator.  Moreover,  we  must  con- 
sider that  the  sea  has  probably  a  property  of  con- 
dudtiug  or  diffusing  heat  and  cold  throughout 
its  whole  mass.  But,  this  is  not  the  case  with 
respedfc  to  the  land,  as  appears  from  the  uni- 
form temperature  of  springs  ne^r  the  surface  of 
the  earth :  for  water  contained  in  wells  not 
more  than  ten  or  twenty  yards  deep,  varies  no- 
thing in  its  temperature,  winter  or  summer. 

A  mistaken  notion  had  long  been  entertained, 
that  snow  fertilizes  land  more  than  rain,  in  con- 
sequence of  the  nitrous  salts  which  it  is  sup- 
posed to  acquire  by  freezing.  Snow  certainly 
does  fertilize.  But  the  faft  is,  that  rain  water 
possesses  more  nitre  than  snow.  ♦  The  agency 
of  snow  as  a  fertilizer  in  preference  to  rain,  may 
admit  a  more  rational  explanation.  There  are 
two  causes  constantly  afting  upon  the  surface 
of  the  earth,  the  internal  heat  and  the  atmo- 
sphere. Different  vegetables  are  able  to  pre- 
serve life  under  different  degrees  of  cold ;  but 
all  of  them  perish  when  the  cold  which  reaches 
their  roots  is  extreme.    .  Providence,  in  the 

coldest 
^  Bishop  Wation. 
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coldest  climates,  has  thf^s  pfqduced  a  co^ermg 
for  the  roots  of  yegeu^bles,  aod  ^at  coyering 
is  s|iow.  Tb^  frost  kilfey  whrn  tk^  sqow  does 
fiot  prpte£b :  the  soow  likewise  keeps  in  the 
internal  heat  of  the  earth :  so"  that  a  kind  of 
yegetatioo  is  carried  on  under  the  surface  of 
snow. 

•      '  m 

K 

Andy  now  h^viqg  advanced  thus  hr;  bav* 
ing  seen  watpr  in  a  9tate  of  evaporation, 
then  in  due  season  precipitated,  after  this  con- 
gealed^ and  finally- dissplyed;  we  shall  next 
consider  a  few  of  these  objeds  separately,  in  re- 
speft  of  several  ascertained  peculiarities.  ^^  Snow 
water/'  $ay$  Beipnan,  *'  contaius  a  scnall  quan- 
tity of  salited  litne^  together  with  some  slight 
vestiges  of  nitffous  add :  this  fr^tcr,  when  newly 
meltedi  is  totally  void  both  of  smt,  and  of  the 
aerial  acid  ;  substances  which  are  found  in  al- 
most all  other  waters ;  ai^d  hence  it  is,  perhaps, 
that  snow  ws^er  is  noxious  to  gnimals.  Rata 
water  is  ^nerally  contatninated  with  the  same 
substances  ^s  the  former,  but,  in  greater  quan* 
tity.  It  is  ol>vious  that  these  waters,  while  sus- 
pended in  tl;^  air,  myst  cpl}ed  and  absorb  the 
y^rious  het^ogeneous  matters  with  which  the 
atmosphere  abounds,  zpd  therefore,  can  never 
be  olt^ined  pure.  Immediately  after  long  con- 
tinued 
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tmued  rain  or  snow,  these  waters  ate  fouhd  least 
loaded  with  heterogeaeotts  matter,  Sprfcg  water^ 
when  of  the   purest  kind,   contains  but  iitde 
heterogeneous  tnattet ;  otherwise,  we  find  in  it 
aerated  lime,  salited  iime,  comntion  salt,  alnd 
sbttietimes  a  sthall  quantity  of  alkali.     Thofee 
springs  which  are  called  mineral,  also  contain^ 
gypsum,  aerated  arid  vitriolated  magnesia^  vi- 
triol, aerated  irtwi,  &c.    River  waters  are  often 
^  much  purifieid  by  their  natron,  as  to  contaitt 
nothing  more  than  ierated  lime,  common  salt^ 
and  sometimes  a  little  alkali:     These  are  ge- 
nerally lighter  than  spring  water,  and  the  more 
pure-,  in   propdrtioo  to  the  rapidity  of  their 
cowse,  atfd  the  hardness  of  the  bottoni  oVet 
whieh  they  rlin.    Well  waters,  besides  a  iarg^ 
4[juantify  of  the  above-mehtioned  suterances,  of- 
ten afford  gypsum  and  nitre.    Lake  waters  art 
less  dear  than  any  of  the  former ;  they  are  al^ 
heavier,  and  deposit  spotatanedusly  some  earthy 
sedinftcnt :  they  aomerimes  contain  all  the  ^ub- 
^aoces  above,  recited ;  and  besides,  are  geoc- 
raHy  vitiated  by  an  afnimal  or  vegetable  extrad« 
Mairsh  waters  have  less  motbn,  and  therefore 
are  less  clear,  more  heavy,  and  more  vitiated 
by  extraftive  matter ;  hence  they  generally  ex- 
b%it  somewhat  of  a  yellowisfa  brown  co)oinr« 
Sea  water  contains  common  salt,  vitriolated  and 

salited 
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sal  iced  magnesia^  gypsum,  and  a  considerable 
quantity  of  the  putrid  extraft,  which  is  gene- 
rated partly  from  the  innumerable  crowd  of 
animals  which  there  live,  die,  and  are  decom- 
posed, and  partly  from  what  is  swept  into  it 
from  the  earth.  Sea  water  has  not  only  the 
strong  taste  of  common  salt,  and  the  bitter  one 
of  salited  magnesia,  but  it  occasions  a  very  sin- 
gular nausea,  which  is  frequently  attended  with 
vomiting.  This  nauseous  ii^redient  is  not 
to  be  found  at  all,  or  but  very  little,  in  sea 
water  taken  up  at  the  depth  of  sixty  fathoms, 
as  experiments  made  upon  water  taken  up  at 
that  depth  evidently  shew ;  the  reason  perhaps 
is,  that  the  immense  quantity  of  fishes,  worms, 
and  other  animals,  which  inhabit  the  ocean, 
dying,  are  gradually,  though  not  in  complete 
substance,  carried  up  to  the  surface,  and  there, 
by  the  assistance  of  the  air,  undergo  a  thorou^ 
decomposition,  (at  least  this  is  the-  case  with 
such  parts  of  them  as  are  soluble  in  water) ; 
and  this  putrefactive  process  is  much  assisted 
by  the  salt,  which  at  the  surface  is  present  pre« 
cisely  in  the  quantity  necessary  to  promote  that 
operation.  To  render  sea  water,  therefore,  of 
benefit  in  times  of  exigency  at  sea,  it  would  be 
right,  were  it  possible,  to  take  it  up  from  die 
depth  of  sixty  fathoms  at  least. 

I  All 
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All  the  waters  that  we  have  thus  emimerated, 
are  to  be  examined  two  different  ways ;  one  by 
precipitants,  and  the  other  by  evaporation.  Soap, 
as  you  may  have  experienced,  is  not  soluble  in 
every  kind  of  water :  this  is  occasioned  either 
by  a  disengaged  acid,  or  by  a  large  proportion 
of  middle  salt,  with  an  earthy  or  metallic  base. 
In  either  case  a  decomposition  takes  place ;  the 
acid  unites  with  the  alkali,  and  the  oil  is  disen* 
gaged.  Such  waters  as  these  are  generally  called 
hard  waters,  and  are  unfit  for  washing  clothes^ 
as  also  for  boiling  pulse,  and  the  harder  kinds  of 
flesh. 

Besides  these  more  common  and  universal  wa- 
ters^ there  are  those  which  I  have  already  men- 
tioned^ that  are  significantly  called  mineral  and 
medicinal ;  as  for  instance,  the  heated  Bath  wa-. 
ters,  which  owe  their  origin  to  the  contaA  of 
common  water  with  pyritas,  whose  composition 
is  iron,  sulphur^  and  the  vitriolic  principle* 
Water  in  itself,  is  said  to  contain  only  three 
pans  of  latent  fire,  while  the  vitriolic  acid  is 

• 

allowed  to  possess  seven  parts.  These,  however, 
coming  into  a£Uon  with  each  other,  draw  out  this 
latecrt  fire,  and  ^ve  that  degree  of  energy  which 
causes  heat.  The  interior  parts  of  the  earth, 
indeed,  abound  with  all  kinds  of  n^ineral  matters. 

The 
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Thjb  imeraai  parts  of  the  etrth  likewise  abound 
wkh  numbertess  carems,  cistertrs^  streams,  and 
rivers  of  waters,  which  run  every  way  through 
beds  and  strata  of  tninend^  metaUtc,  sulphurous^ 
saline^  niercurial^  bituminous  and   oleaginous 
stibstances,  canning  with  them  all  the  soluble 
parts  of  those  bodies ;  and  hence  the  variety  of 
misdical  springs.  *     Streams  of  running  water, 
passing  by  ignited  or  boated  parts  of  the  earth, 
become  heated  in  various  degrees ;  and  hence 
wsirm  and  hot  baths.     In  a  word,  all  the  super- 
ficial parts  near  the  earth's  surface,  are  replete 
with  canals,  resembling  in   some  sort  the  cir- 
culation of  fluids  in  an  amimal  body ;  insomuch, 
that  some  eminent  philosophers,  as  we  have  al- 
ready seen,  have  been  ready  to  conclude  that 
tl^ii  eanh  we  lite  oa,  is  itself  '6bly  k  huge  ani- 
mal* 

We  have  now,  I  thiok,  toothed  upon  every 
pftrt  of  our  pteseni  snbjed,  worthy  of  atteiitiony 
elrte^tiKg  one,  and  that  is,  the  not  very  freqtiMt 
phaenoitiMoil)  of  springs  wbkh  ran  ifhea  the 
sea  fiows,  attd  which  stop  wten  the  sei  «4>bs. 
Thi^,  however^  is  not  difficult  to  be  accounted 
for,  if  it  be  stij^fposed  dirough  die  whote  course 
froth  Che  sda^  or  from  the  river  that  is  afieded 

by 

*  Martin'f  Philosophy. 
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by  the  sea,  to  the  mountain  or  plain  where  any 
of  these  extraordinary  springs  are,  there  is  a 
channel  into  which  their  waters  enter  but  little^ 
the  remaining  part  of  it  being  filled  with  air 
only,  because  it  is  above  the  level  of  the  sea : 
this  being  supposed,  every  time  the  sea  flows, 
it  rises  up  in  this  channel,  and  fills  it  fuller  than 
ordinary ;  and  as  it  rises,  it  drives  along  the 
air  and  vapours  contained  therein  towards  the 
head  of  the  spring  ;  whence,  consequently, 
the  water  must  run  out.  On  the  other  hand, 
when  the  sea  ebbs,  the  water  in  the  channel 
descends.  The  ebb  and  flow  of  springs,  which 
are  also  striking  phenomena,  are  likewise  to 
be  accounted  for  on  the  simple  principle  of  the 
syphon.  Suppose  a  reservoir  fed  by  a  stream, 
whose  water  flows  into  another  reservoir  through 
a  syphon,  and  which  at  the  same  time  has  ano- 
ther stream  falling  into  the  same  reservoir, 
whose  outlet  or  spring  is  still  lower;  the  sur^ 
face  of  this  water,  when  the  syphon  works, 
will  be  suddenly  raised,  and  press  upon  the 
water  with  a  greater  force ;  and  consequently  it 
will  issue  out  with  a  greater  velocity,  and  raise 
the  surface  if  confined ;  but  v^hen  the  syphon 
intermits,  the  momentum  will  be  less,  and  then 
the  stream  will  ebb  or  decrease. 

VOL.  I.  Bb  LET- 
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The  waters  which  glide  along  the  surface, 
and  even  those  which  rush  through  the  vitals  of 
the  earthy  have  now  passed  under  our  contempla- 
on.    But  our  task  is  not  yet  finished.    Much  as 
we  may  appear  to  have  gone  through,  the  great- 
est of  our  difficulties  is  yet  to  be  surmounted.  Let 
us  return  to  the  ocean.  The  ocean  is  adkuated  by 
two  periodical  motions  called  the  flux  and  the 
reflux,  or  the  ebb  and  the  flow.  The  cause  of  the 
tides  is  supposed  to  be  the  attraction  of  the  sun 
and  the  moon,  but  chiefly  of  the  latter.  The  wa- 
ters of  this  immense  gulph,  forgetful  as  it  were 
of  their  natural  quietus,  move  and  roll  in  tides, 
obsequious  to  the  strong  attraftive  power  of  the 
moon,  and  to  the  weaker  influence  of  the  sun. 
The  two  tides  of  flood,  and  two  of  ebb,  succeed 
each  other  alternately  at  about  the  interval  of  six 
hours  ;  and  happen  later,  nearly  an  hout  each 
day  than  the  preceding,  owing  to  their  exadb 
correspondence  to  the  motion  of  the   moon^ 
which  daily  culminates  so  much  later.    They  do 
not^  however^  happen  when  the  moon  is  in  the 

meridian, 
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meridian,  but  about  three  hours  after,  in  con- 
sequence, It  is  said,  of  the  greater  force  of  the 
moon  at  that  period,  than  when  in  the  meridian ; 
as  the  heat  of  the  day  is  greater  at  three  o'clock 
than  at  twelve,  and  the  heat  of  the  summer  is 
greater  in  August  than  on  the  4  ist  of  June.  Lasts 
ly,  the  greatest  spring  tides  happen  not  on  the 
2 1st  of  March  and  23d  of  September,  but  in 
February  and  Oftober,  aiKl  for  this  reason,  be- 
cause the  sun  being  nearest  the  earth  in  Deceno- 
ber,  his  influence  is  then  the  strongest,  and  so 
must  hasten  the  time  of  the  greatest  vernal  tides ; 
and  being  weakest  in  June,  the  time  of  the  autum* 
nal  tides  will  necessarily  be  retarded. 

That  the  tides  may  have  their  full  motion,  the 
space  in  which  they  are  produced  ought  to  be 
extended  from  east  to  west  90  deg.  or  a  quarter 
of  a  great  circle  of  the  earth  at  least,  because  the 
places  where  the  moon  raises  most,  and  most  de- 
presses the  water,  are  at  that  distance  from  one 
another.  Hence,  it  is  contended,  it  appears 
that  it  is  only  in  the  great  oceans  that  such  tides 
can  be  produced  ;  and  that  in  the  large  Pacific 
Ocean,  they  must  exceed  those  in  the  Atlantic 
Ocean :  hence  also  the  reason  is  obvious,  it  is 
said,  why  the  tides  are  not  so  great  in  the  tor- 
rid zone  between  Africa  and  Amerifii,  where 
*  B  b  2  .  the 
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the  ocean  b  narrower,  as  in  the  temperate  zones 
on  either  side  ;  and  from  this  also  we  are  to  un- 
derstand^ why  the  tides  are  so  small  in  islands 
that  are  very  far  distant  from  the  shores :  for 
it  is  manifest^  that  in  the  Atlantic  Ocean,  the 
water  cannot  rise  on  one  shore  but  by  descend- 
ing on  the  other;  so  that  at  the  intermediate 
distant  islands,  it  must  continue  at  about  a  mean 
height,  betwixt  its  elevation  on  the  one  and  on 
the  other  shore. 

As  the  tidts  pass  over  shoals,  and  run  through 
streights  into  bays  of  the  sea,  their  motion  be- 
comes more  various,  and  their  height  depends 
on  many  different  circumstances.  The  tide  that 
is  produced  on  the  western  coast  of  Europe 
corresponds  to  the  theory  above  described :  thus, 
it  is  high  water  on  the  coasts  of  Spain,  Portugal, 
and  the  west  of  Ireland,  about  the  third  hour 
after  the  moon  has  passed  the  meridian  ;  thence 
it  flows  into  the  adjacent  channels,  as  it  finds 
the  easiest  passage.  One  current  from  it,  fer 
example,  runs  up  by  the  south  of  England,  and 
another  comes  in  by  the  north  of  Scotland. 
They  take  a  considerable  time  to  move  all  this 
way,  and  it  is  high  water  sooner  in  the  places  to 
which  they  first  come ;  and  it  begins  to  fall  at 
.those  pljftes,  while  the  two  currents  are  yet  going 
3  on 
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on  to  others  that  are  farther  in  their  course.  As 
they  return  they  are  not  able  to  raise  a  tide  ;  be- 
cause the  water  runs  Faster  off  than  it  returns, 
till  by  a  new  tide,  propagated  fron^  the  ocean, 
the  return  of  the  current  is  stopped,  and  the  wa- 
ter begins  to  rise  again.  The  tide  takes  twelve 
hours  to  come  from  the  ocean  to  London  bridge, 
so  that  when  it  is  high  water  there,  a  new  tide  is 
already  come  to  its  height  in  the  ocean ;  and  in 
some  intermediate  place  it  must  be  low  water  at 
the  same  time.  In  channels,  therefore,  and  nar- 
row seas,  the  progress  of  the  tides  may  be,  in 
some  respedts,  compared  ro  the  motion  of  the 
waves  of  the  sea.  It  is  also  observed,  that 
when  the  tide  runs  over  shoals,  and  flows  upon 
flat  shores,  the  water  is  raised  to  a  greater  height 
than  in  the  open  and  deep  oceans  that  have  steep 
banks,  because  the  force  of  its  motion  cannot  be 
broken  upon  the  level  shores,  till  the  water  rises 
to  a  greater  height.  If  a  place  communicates  with 
two  oceans,  or  two  difierent  ways  with  the  same 
ocean,  one  of  which  is  a  readier  and  easier  passage, 
two  tides  may  acrive  at  that  place  in  difierent  times, 
which,  interfering  with  each  other,  may  produce 
a  great  variety  of  phasnomena.  But  the  reasons 
why  tides  should  be  gVeater  on  coasts  than  in  the 
opeD  seas,  says  the  celebrated  Madame  du  Cha- 
telet,  are,  "  First,  the  water  which  strikes  against 
the  shores,  and  thereby  forms  a  re-a£tion,  which 
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must  give  them  height ;  secondly,  though  it 
proceeds  only  with  the  imperceptible  motion  of 
the  ocean,  whose  beds  are  very  deep,  it  yet  ar-f 
rives.in  great  quantities,  and  meeting  with  strong 
opposition,  elevates  itself  considerably.  Streights, 
and  certain  depths  and  positions  of  shores,  2ffe£t 
It  also  in  a  very  sensible  degree. 

Mons.  Dassie,  in  a  work  published  at  Paris* 
nearly  a  century  ago,  has  been  at  great  pains  to 
prove  that  the  sea  has  a  general  motion  inde- 
pendent of  winds  and  tides,  and  of  more  conse- 
quence than  is  generally  supposed.  He  affirms 
that  this  motion  i^  from  east  to  \vest,  inclining 
pwards  the  north,  when  the  sun  has  passed  the 
equinoctial  northward,  and  during  the  time  the 
sun  is  in  the  northern  signs,  but  the  contrary 
way  after  the  sun  has  passed  the  equinoctial 
southward ;  adding,  that  when  this  general  mo- 
tion is  changed,  the  diurnal  flux  is  changed  also; 
whence  it  happens,  that  in  several  places  the 
tides  come  in  during  one  part  of  the  year,  and 
go  out  during  the  other ;  as  on  the  coasts  of 
Norway,  in  the  East  Indies,  at  Goa,  Cochin- 
China,  &c.  where,  while  the  sun  is  in  the  sum- 
mer signs,  the  sea  runs  to  the  shore ;  wl^en  ii^ 
;he  winter  signs,  from  i^  On  the  most  southern 
coasts  of  Tonquin  and  China,  for  the  sii^  sum- 
fpef  months,  the  diurnal  course  runs  fron\  the 

portly 
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north  with  the  ocean ;  but  the  sun  having  re-. 
passed  the  Line  towards  the  south,  the  course 
declines  also  southward.  ♦  On  this  subjeft,  or 
something  that  approaches  very  near  it,  we  shall 
presently  have  much  to  say.  We  shall  still  con- 
tinue, therefore,  to  attend  to  the  general  hypo- 
thesis. 

The  interval  between  the  flux  and  reflux  is 
not  precisely  what  I  have  above  said,  six  hours, 
but  is  about  eleven  minutes  more.  ^  So  that 
the  time  of  high  water  is  about  three  quarters 
of  an  hour  later  every  day,  for  thirty  days,  when 
it  again  recurs  as  before.  And  this  answers  ex- 
adlly  to  the  motion  of  the  pioon.  She  rises 
every  day  about  three  quarters  of  an  hour  lat^r 
than  the  preceding  one ;  and  by  moving  in  this 
manner  around  the  earth,  completes  her  revo- 
lution in  about  thirty  days,  and  then  begins  to 
rise  again  at  the  same  time  as  before.  The  time 
of  high  water,  upon  the  day  of  every  new  moon, 
will  at  the  same  place  always  be  found  to  be  ex- 
actly at  the  same  hour,  and  three  quarters  of  an 
hour  later  every  succeeding  day.  These  alternate 
elevations  and  depressions  of  the  ocean,  are  in  such 
cxaft  conformity  with  the  motions  of  the  moon, 
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that  this  planet  has,  with  certainty,  been  con- 
sidered as  their  cause.    The  effeds  of  the  dis- 
turbing forces  of  the  sun  and  moon,  likewise, 
depend  upon  their  respedive  distances  from  the 
earth,  as  well  as  upon  their  particular  situations. 
For  the  less  the  distances  are,  the  greater  will  be 
the  effeds ;  and,  therefore,  as  we  have  already 
seen,  when  the  sun  is  nearer  to  the  earthy  as  in 
winter,  the  spring  tides  will  be  greater  than  in 
summer,  when  he  is  farther  off;  and  the  neap 
tides  on  that  account  will  be  less.    And  for  a 
like  reason,  as  the  moon  moves  in  an  elliptical 
orbit  round  the  earth,  and  is  nearer  to  us  at 
some  times  than  at  others,  the  tides  will  at  those 
times  be  greater,  and  at  the  opposite  points  of  her 
orbit  be  less.    Some  variations  likewise  will  be 
found  to  take  place  in  consequence  of  the  dif- 
ferent declinations  of  the  sun  and  moon  at  dif- 
ferent times ;  for  as  they  gradually  decline  from 
the  equator,  they  lose  their  effeft,  and  the  tides 
become  less ;  and  when  they  are  both  in  the 
equator,  the  tides  of  course  become  greater. 

The  cause  of  the  tides  was  discovered,  it  is 
said,  by  Kepler,  who  explained  it  in  the  follow- 
ing manner :  "  The  orb  of  the  attrading  power, 
which  is  in  the  moon,''  says  he, "  is  extended  as 
hr  as  the  earth,  and  draws  the  waters  under  the 
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torrid  zone,  adting  upon  places  where  it  is  ver- 
tical, insensibly  on  confined  seas  and  bays,  but 
sensibly  on  ^the  ocean  whose  beets  are  large,  and 
where  the  waters  have  the  liberty  of  recipro- 
cration,  that  is,  of  rising  and  falting.     Thus, 
the  cause  of  the  tides  of  the  sea  appears  to  be, 
the  bodies  of  the  sun  and  nioon  drawing  the 
waters  of  the  sea/'    Newton,  on  this  idea  also, 
crefted  his  theory,  but  made  it  in  a  manner 
peculiarly  his  own,  by  discovering  the  cause  of 
the  tides  rising  on  the  side  of  the  earth  oppo- 
site to  the  moon ;  for  Kepler  believed,  that  the 
presence  of  the  moon  occasioned  an  impulse, 
which  caused  another  in  her  absence. 

In  this  theory,  the  sun's  influence  in  raising 
the  tides,  is  but  small  in  comparison  of  the 
moon's ;  for  though  the  earth's  diameter  bears  a 
considerable  proportion  to  its  distance  from  the 
moon,  it  is  next  to  nothing  when  compared  to 
its  distance  from  the  sun.  And,  therefore,  the 
difference  of  the  sun's  attradtion  on  the  sides  of 
the  earth  under  and  opposite  to  him,  is  much 
less  than  the  difference  of  the  moon's  attradion 
on  the  sides  of  the  earth  under  and  opposite  to 
her ;  and  therefore  the  moon  must  raise  the 
tides  much  higher  than  they  can  be  raised  by 
the  sun.     On  this  theory,  therefore,  the  tides 

ought 
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ought  to  bc^  as  I  have  above  remarked^  higjbest 
dire£kly  under  and  opposite  to  the  moon^  that: 
is,  when  the  moon  is  due  north  and  south. 
But,  we  find  that  in  open  seas,  where  the  water 
flows  freely,  it  is  not  so ;  and  the  reason  is  de- 
dared  to  be  obvious  :  for  though  the  moon's 
attraftion  were  to  cease  altogether  when  she 
was  past  the  meridian,  yet  the  motion  of  ascent 
communicated  to  the  water  before  that  time, 
would  make  it  continue  to  rise  for  some  time 
after ;  and  much  more  must  it  do  so,  when  the 
attradion  is  only  diminished  ;  as  a  little  im* 
pulse  given  to  a  moving  ball,  will  cause  it  still 
to  move  farther,  than  otherwise  it  could  have 
done.  Neither  do  the  tides  always  answer  to 
the  same  distance  of  the  moon  from  the  meridian 
at  the  same  places,  but  are  variously  affected  by 
the  action  of  the  sun,  which  brings  them  oo 
sooner,  when  the  moon  is  in  her  first  and  third 
quarters,  and  keeps  them  back  later,  when  she 
is  in  her  second  and  fourth ;  because,  in  the 
former  case,  the  tide  raised  by  the  sun  alone 
would  be  earlier  than  the  tide  raised  by  the 
moon ;  and  in  the  latter  case,  later. 

The  moon  goes  round  the  earth  In  an  ellip* 
tic  orbit ;  and  therefore  in  every  lunar  month, 
she  approaches  nearer  to   the  earth  than  her 

mean 
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ipean  distance,   and   recedes  farther  from  it. 
When  she   is  nearest   she  attrafts  strongest, 
and  so  raises  the  tides  most ;  the  contrary  hap- 
pens  when  she  is  farthest,   because    of    her 
weaker  attra£tion»    When  both  luminaries  are 
in  the  equator,  and  the  moon  in  perigeo,  or  at 
her  least  distance  from  the  earth,  she  raises  the 
tides   highest  of  all,    especially   at   her  con* 
junction   and   opposition  ;    because   the  equa- 
torial parts  have  the  greatest  centrifugal  force, 
both  from  their  describing  the  largest   circle, 
and  from  the  concurring  actions  of  the  sun  and 
moon.     At  the  change,  the  attradlive  forces  of 
the  sun  and  moon  being  united,  they  diminish 
the  gravity  of  the  Waters  under  the  moon,  and 
their  gravity  on  the  opposite  side  is  diminished 
by  means  of  a  greater  centrifugal  force.     At 
the  full,  whilst  the  moon  raises  the  tides  under 
and  opposite  to  her,  the  sun,  ading  in  the  same 
line,  raises  the  tide  under  and  opposite  to  him  ; 
whence  their  conjoint  effe£t  is  the  same  as  at 
the  changie ;  and  in  both  cases  occasion  what 
we  call  spring  tides.     But,  at  the  quarters,  the 
sun's  action  on  the  waters  diminishes  the  effed: 
of  the  moon's  adion  ;  so  that  they  rise  a  little 
under  and  opposite  to  the' sun,  and  fall  as  much 
pnder  and  opposite  to  the  mooq,  making  what 

IS 
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is  called  $ieap  tidesy  because  the  swi  and  mooo 
tben  aA  obliquely  to  each  other. 

In  wmter^  the  sun  being  nearer  to  the  eardi 
dian  in  summer,  is  of  course  nearer  to  it  in 
February  and  O&ober  than  in  March  and  Sep- 
tember ;  and  therefore  the  greatest  tides  happen 
not  till  some  time  after  the  autumnal  equinox, 
and  return  a  little  before  the  vernal.  When 
the  moon  i^  in  the  equator,  the  tides  are  equally 
high  in  both  parts  of  the  lunar  day.  But,  as 
the  moon  declines  from  the  equator  towards 
either  pole,  the  tides  are  alternately  higher  and 
lower.  The  sea,  however,  being  thus  put  in 
motion,  would  continue  to  ebb  and  flow  for 
several  times,  even  though  the  sun  and  moon 
were  annihilated,  or  their  influence  should  cease ; 
as  if  a  bason  of  water  were  agitated^  the  water 
would  continue. to  move  for  some  tin^  after 
thfe  bason  was  left  to  stand  still ;  or  like  a  pen- 
dulum, which  havmg  been  pUt  in  motion  by 
the  hand,  continues  to  make  several  vibrations 
without  any  new  impulse. 

This  is  the  theory  of  the  tides,  and- a  beau- 
tiful one  it  is.  But,  it  is  not  the  growth  of 
modern  days,  as  has  been  conjedured.  It  is 
of  old  and  venerable  date,  but  greatly  improved 

upon 
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upon.     Cleomenes,  a  Greek  writer  upon  me- 

• 

tercology,  speaks  with  great  -extent  and  pre- 
cision upon  this  physical  subjeA.  ^*  The 
moon,  according  to  her  different  appearances,^ 
says  he,  **  not  only  causes  great  revolutions  in 
the  air,  over  which  she  has  the  power,  and 
produces  many  serviceable  effeds,  but  she  is 
also  the  cause  of  the  flux  and  reflux  of  the  sea"* 
And  the  great  naturalist,  *  Pliny,  would  seem 
even  to  speak  inrthe  words  of  Kepler  or  New- 
ton. '  He  contended,  ^'  that  the  sun  and  moon 
had  reciprocally  a  part  in  the  cau^e  of  the 
tides ;''  and  after  a  successioa  of  years  of  obser- 
vation, he  explicitly  aiSrmi^d,  '^  that  the  moon 
afted  strongest  on  the  waters,  when  she  was 
nearest  to  the  earth,  and  that  the  tScSt  of  her 
a&ion  was  not  sensible  to  ps.  till  some  time 
after  it  had  happened /'«f- 

With  such  masters  to  teach  and  to  confltm 
us  in  one  general  and  well  constructed  doArine, 
it  may  appear  almost  propl^ne  to  dey/ate  from 
the  prescribed  rule,  ^d  to  bayard  ^y  othi^r 
hypothesis.    But,  truth  is  ,nQt  to  be  i^ai^o^ 
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at  the  shrine  of  adulation ;  for  Newton  hiiri-> 
self  tells  us^  that  propositions  obtained  from 
phasnomena  by  induftion^  ought  to  be  held^ 
notwithstanding  any  .  opposite  hypotheses,  bb 
striftly,  or  very  nearly  true,  until  other  pbseno- 
mena  have  occurred,  by  which  they  may  be 
rendered  either  more  accurate,  or  more  excep- 
tionable. 

Nor  should  it  be  ibrgotten,  however  revered 
and  transcendent  the  names  of  those  illustrious 
charadters,  whose  labours  have  afforded  us  the 
means  of  encountering  their  dodrines,  that 
venturing  upon  a  rational  argument,  men  do 
no  more  than  what  fairly  belongs  to  them. 
No  honest  creed,  either  in  philosophy  or 
religion,  forbids  enquiry.  It  is  unworthy  the 
character  of  reason,  to  shrink  from  the  ex- 
position of  what  may  even  delusively  appear 
error. 

The  force  of  attradion,  say  the  fevourers  of 
the  above  hypothesis,  increases  in  proportion 
as  the  square  of  the  distance  diminishes.  But, 
have  we  not  a  multitude  of  masses  much  smaller, 
and  that  have  much  less  substance  than  the 
waters  of  the  ocean  ?  The  waters  of  the  ocean 
are^  however^  pulled  up  and  attra&ed  into  large 
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lieaps,  twice  a  day,  at  no  inconsiderable  distance 
from  the  earth,  under  the  influence  of  the  moon. 
The  superiority  of  the  terrestrial  attradVion  does 
not  hinder  them  from  experiencing,  in  a  small 
degree,  the  impression  of  the  lunar  attraftion ; 
whereas  there  is  no  ebbing  or  flowing  for  us : 
we  still  adhere  to  the  surface  of  the  globe.*  Is 
it  not  fair  forus,  therefore,  to  think  that  this 
attradion,  as  relative  to  the  ocean,  is  a  cause  of 
not  the  most  undoubted  validity,  but  one  that 
fills  up  the  vacancy  of  what  is  not  understood, 
and  which  indeed  avails  us  very  little,  though 
it  were  readily  to  be  calculated  ?  Or  if  it  should 
be  to  be  supported  as  a  matter  of  faft,  it  surely 
cannot  be  criminal  to  ask,  why  this  cause  has 
so  much  prediledlion  for  the  waters  of  the  ocean, 
and  so  little  influence  upon  pther  substances 
which  would  seem  as  obedient  to  its  power  ? 

Systematic  philosophy,  however  beneficial,  b 
not  unfrequently  involved  in  difficulty.  It  re- 
fuses, for  instance,  in  some  opinions,  influence  to 
the  moon  either  on  animals  or  vegetables ;  and 
yet  it  gives  her  a  most  powerful  influence  on 
the  waters  of  the  ocean.  It  is  still  more  con- 
tradictory, it  allows  the  ocean  to  be  so  afleded 
as  to  have  tides ;  and  yet  it  will  not  admit,  that 

It 
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it  afts  with  any  sort  of  power  on  l^kes,  or  on 
inland  seas.     Their  inconsiderable  extent^  sure- 
ly, ought  not  to  exempt  them  from  the  in- 
fluence of  gravity.    The  lakes  of  America  are 
not  all  so  small,  that  when  the  moon  is  vertical, 
she  can  attraft  every  part  alike,  and  therefore 
rendering  all  the  parts  equally  light,  no  pan  can 
be  raised  higher  than  another.   But,  if  this  were 
the  case  with  the  lakes,  it  is  not  so  with  resped 
to  the  Mediterranean  and  Baltic  seas.    It  is  true, 
the  principal  motions  of  the  sea  arrive,  in  our 
hemisphere,  at  the  same  time  with  the  principal 
phases  of  the  moon ;  but  from  this,  it  should 
not  be  too  arbitrarily  concluded,  that  the  tides 
are  occasioned  by  that  luminary.*     One  circum- 
stance, indeed,  would  seem  to  prove  to  demon- 
stration,  that  it  is  not  this  influence  alone  at 
the  equator  which  causes  the  tides.     The  tides 
between  the   tropics  are  less  considerable  than 
those  in  the  higher  latitudes. 

I  am  aware,  that  the  lunar  influence  is  not 
denied  by  all  physicians,  to  the  animal  and  ve- 
getable kingdoms.  Hippocrates,  in  his  Crises, 
s^ms  to  refer  to  it.  Many  others  have  given 
into  the  same  opinion  :^  and  the  idea  is  far 

from 
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from  extravagant,  for  air  being  lighter  dian 
water,  and  the  surface  of  the  atmosphere  being 
nearer  the  moon  than  the  surface  of  the  sea^ 
why  should  it  not  be  admitted,  that  the  moon 
raises  much  higher  tides  in  the  air  than  in  the 
sea?  Pr.  Balfour,  indeed,  from  upwards  of 
twenty  years  close  and  accurate  observation,  and 
with  an  ability  which  is  acknowledged,  has  no 
hesitation  in  declaring,  that  without  pretending 
to  explain,  or  say  whence  it  proceeds,  where  it 
exists,  or  how  it  operates,  there  is  what  he  mo- 
destly, and  guardedly,  calls  a  soUlunar  influence, 
which  affefts  the  constitution  of  man,  particu- 
larly in  the  acquiring,  and  in  the  progress  and 
termination  of  disease;  and  which,  from  the 
paroxysms  it  constantly  and  invariably  produces, 
there  can  be  no  difficulty  in  denominating 
tides  of  the  animal  ceconomy.  "  There  is,*' 
says  he,  ^'  a  rising  and  falling  in  its  force  and 
aAion,  nearly  coincident  and  similar  to  that  of 
the  flowing  and  ebbing  of  the  tides ;  the  former 
appearing  towards  the  end  of  the  interlunar  in- 
terval, and  continuing  until  the  expiratipn  of 
the  lunar  period;  the  latter  appearing  upon 
the  expiration  of  the  lunar  period,  and  conti- 
nuing until  towards  the  end  of  the  interlunar 
interval.'*  It  is  in  an  extraordinary  manner  even 
VOL.  I.  C  c  to 
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to J^  traced  in  fu])  analogy,  through  the  sprii^ 
and  neaps,  and  in  a  n^re  oiarked  frpy,  perhftps, 
at  the  equinoxes.  "  Thf  afttur^l  fendQDcy  of 
certain  fevers,  for  instance/'  s^y^  Dr.Bfllfoiir,  •*  is 
to  make  their  attack,  to  incr^se  in  t^eirviolenoe, 
and  to  continue  during  the  lunar  periods ;  and 
on  the  other  hf^^d,  to  defer  their  auack,  to 
ab^te  in  their  violence,  and  to  subside  in  the  in- 
terlunar  intervals."  Do  not  we  see  regularly 
stated  monthly  revolutions  in  gertain  classes  /of 
beings,  and  accidental  onea  in  others  ?  And 
may  not  this  influence],  in  fair  dedu&ion,  he 
believed  to  be  the  celebrated  vis  medkatrix  fu^ 
tura^  the  producer  of  paroxysms,  the  giver  of  rp- 
n^ission,  the  deity  of  some  physicians,^  and  the 
devil  of  others  ?  In  rej^rd  to  animals,  birds, 
and  fishes,  their  constitutions  seeni  evidently 
Vd  undergo  a  regular  change^  correspondii^ 
with  th^  reyolytions  of  the  moon.  This  has  been 
established  bytbeobservationaof  every  age,  and 
in  every  quarter  of  tjie  world..  With  rcspeft  to 
vegetabks.  Dr.  Mead  says,  "  Husbandmen  are 
l^eguUted  by  the  moon  in  planting  and  managing 
trees ;  and  considerable  efiefts  are  ascribed  by 
farmery  to  the  lull  moons,  of  harvest,  which  cao^ 
not  proceed  from  any  increase  of  heat  commu- 
nicated by  the  lun^r  rays/' 

Thus 
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Tbas  yoQ  see«  hdw  extensive  the  support  df 
the  lunar  influence  is^  and  how  very  pleasingly 
an  the  branches  of  the  theory  hold  together. 
Yet,  though  I  can,  as  readily  as  any  nKin,  ac- 
knowledge the  sun^  mediately  and  immediately^ 
to  exert  a  boundless  dominion  over  every  pro* 
duftion^  and  in  almost  every  operation  and  re- 
vdtition  of  nature,  I  yet  cannot,  with  equal  fa- 
cility, aod  with  the  same  conviction,  iilipltcitly 
yield  an  acquiescence  to  a  superior  faculty  in 
the  moon.  I  will  jiot  detain  you  with  the 
many  arguments,  which  have  been  used,  to 
prove  the  moon  fa  be  without  an  atmosphert 
herself,  although  her  attrafltive  energy  is  so 
potent  as  to  regulate  ours ;  nor  With  the  strong 
reasoning  with  which  clouds  and  rain  are  de- 
nied to  the  lunar  regions,  although  they  have 
waters  for  evaporation,  and  an  ocean,  it  must 
be  allowed,  as  easily  to  be  operated  upon,  as 
that  we  have  upon  the  surface  of  our  earth, 
and  which  is  at  so  great  a  distance.  It  is 
somewhat  singular,  that  the  satellite  of  this 
globCf  notwithstanding  her  insignificant  dimen- 
sions, and  her  borrowed  force,  should  be'  thu^ 
aUowed  the  place. of  supremacy ;  and  though 
in  general  phenomena  she  be  denied  every 
thing,  yet  that  in  psirticular  ph^nomen?,  shtf 
should  be  given  every  thing ;  especially,  also, 

C  c  2  when 
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when  she  is  ackDOwledged  to  be  so  peculiarly 
situated,  that  the  attradbive  power  of  the  sun 
is  to  be  considered  as  equal  on  her,  as  it  is  on 
the  earth.  The  influence  of  the  moon  thus,  I 
cannot,  I  confess,  conceive  in  any  manner  ade* 
quate  to  the  extraordinarily  coincident  ebbs  and 
flows  in  the  ^general  fluids  of  nature.  The 
moon,  indeed,  I  will  readily  grant,  may  be  looked 
upon  as  the  inJex  which  unerringly-  points  to 
the  trafb,  or  to  be  an  iuterveoiog  rotatory  ob- 
jed:,  which  may^  in  its  revolvbg  situation,  ob- 
struct the  influence  of  the  sun ;  but,  the  springs 
or  the  motive  power,  I  must  be  of  opinicM!, 
is  inherent  in  some  other  source.  Lee  us  try 
if  it  be'not  so. 

In  tracing  the  origin  and  the  succeedbg  in* 
crease  and  diminution  of  rivers,  the  periodical, 
or  rather  I  should  have  said,  the  constant 
though  unequal  melting  of  the  snow  gathered 
on  the  tops  of  mountains,  and  in  glaciers  con- 
solidated in  the  valleys,  has  appeared  to  be  an 
agency  of  infinite  importance.  As  the  lique- 
fadion  of  these  masses  increased  from  the  in* 
fluence  of  heat,  we  have  seen  the  torrents  ac- 
celerated in  their  stream,  the  rivers  swoln  and 
elevated  in  their  surfaces,  and  even  these  con- 
tinued in  their  vigour,  until  the  gradual  de- 
crease 
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<:redse  of  the  originating  cause  had  reduced 
them  to  an  ebb^  as  the  increase  bad  impelled 
them  to  a  flow.  Will  not  analogy  then  present 
us  here  with  something  like  a  clue,,  if  we  turn 
our  eyes,  without  prejudice,  towards  the  enor- 
mous glacial  masses  of  the  poles  ?  Let  us  at- 
tend  to  this  subjeffc  a  little ;  and  for  a  guide, 
let  us  follow  the  ded unions  of  the  benevolent 
and  scientific  Saint  Pierre.  ^  Taking  him  as* 
our  guide,  we  shall  at  least  have  the  advantage 
of  searching  after  truth,  upon  principles  which 
are  far  f]X)m  being  occult ;  and  if.  we  do  not 
arrive  at  certainty,  shall  at  least  be  amused 
during  the  progress  of  our  enquiry. 

**  I  reduce,'*  says  this  worthy  man,  ^^  all  the 
tides  of  the  ocean  to  two  grand  causes ;  and 
those  from  the  dissolution  of  the  ice,  which  I 
derive  from  the  poles.  The  masses  of  ice 
formed  in  oqr  hemisphere  in  the  winter  months, 
form  an  arch  which  is  more  "than  two  thousand 
miles  long,  and  whose  thickness  in  Spain  in- 
deed is  only  a  few  lines,  in  France  a  few  inches, 
in  Germany  scmie  feet,'  but  in  Russia  is  many 
fathoms,  and  so  mounts  up  to  many  hundreds 
of  feet  in  the  vicinity  of  the  poles.  From  the 
spot  where  ice  commences,  it  grows  as  it  were 

C  c  3  in 
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in  regular  and  progressive  proportion  to  the 
poles."  What  eiKmnous  heaps  of  scrfid  waceis 
must  be  thus  generated  by  the  winter !  80  far 
hoyond  all  calculation,  so  tremendous  must  they 
be,  that  cireji  though  the  dissolving  suppositioQ 
should. be  visionary,  there  yet  would  result 
fivmi  the  polar  periodical  dissblutions,  aa  in- 
crease of  quantity  in  the  ocean,  sufficieat  at 
kast  to  account  for  some  of  the  phasnomeua  of 
the  tides. 

The  southern  hemisphere  has  a  still  greater 
quantity  of  ice.  -^  From  two  such  volumes 
of  indurated  water,  what  tWeSt  may  not  be 
derived  ?  Gravitation,  and  the  attra^^on  of 
tbo  sun  ^  moop,  are  indeed  favourite  and 
accureio  {^Ipsophical  .  word$ ;  bat  ane  prra- 
aipk&  top  Arbitrary >  md  of  too  cpncealed  im*> 
piQjrt, ,  tQ  ige«der  ys  enjcice^y  inai;te^ive  to  the 
f:i?i^€m7aRd  psdpajble  elucidatioai  arising  from  a 
fueltJAg.  gl^ieir,  0^  four  or  five  tl^ousand  mile$ 
long,  $iad  chicle  tim^^  as  mvtdtk  in  circumfe<' 
rente.* 

In  1746  and  i747>  fittis  t^bfenrvod  with  asto- 
sitriimdfifu  in  his  voy^  to  Hpdson's  Bay,  th^ 
thft  tides.. camt^  fioai  ihe  mv^tl^,  ^p4  that  they  in- 
^peased,  insteadofbeing^ii^iQisbed,  as  he  advanced 

in 
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in  his  latftudei    This^  $0  contrary  to  our  or- 
dinary tkles,  wbiab  come  from  the  souths  led 
him  to  coDJe^kure  that  they  did  not  come  from 
the  Line^  nor  frorn  the  Atlantic  Ocean,  but,  that. 
the  pbi&Bomenon  was  to  be  attributed  to  tbe 
commuhkatit^,  which  he  suppoaed  to  exist  be- 
v»ttn  Hudson's  Bay  and  the  Southern  Ocean. 
Ife  latimde  65  deg.  37  mid.  the  tide  he  found 
to  rvn  at  the  exti^otdinary  rate  of  firom  eight . 
to  ten  miles  -pier  hour* 
« 

The  meked  ice,  which  thus  spreads  from  the 
nonh  of  America,  and  from  the  nonfa  of  Europe, 
during  the  momhs  of  July  and  August,  muse 
indisputably  adb  as  an  auxihary,  if  it  does  not 
entirely  contribute  to  tbe  giving  us  our  spring 
tides  in  the  Septembei'  eqx»'mox.  For  when  ch^ 
further  effusions  are  stopped  in  the  month  of 
Odober,  is  it  not  then  that  our  tides  t>egia  to 
diminish?  It  may  be  asked,  why  the  tides  come 
from^the  nprtb,  and  tlie  east,  in  the  northern 
pGuxs  of  Europe  and  Ameri<^ ;  and  why  they 
should  cx>me  ftom  the  soith  6n  our  shores,  and 
those  of  America,  which  are  in  the  ittnt  lati* 
tilde  f  An  observation  of  Dampier  may  be 
gi^eo  as  a  ttj^y  to  this.  That  ingenioius  nati^ 
gartw  mode  this  \d%ort  di^in6tion  between  cur- 
reiits  and  tides :   '^  Gnrrents,''  says  he^  **  are 

C  c  4  *  *       only 
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only  experienced  in  open  seas^  but  tides  are 
<ui  coasts/'  May  not  then  the  effusions  from  the 
northern  pole^  which  are  the  tides  from  the 
north  and  from  the  east,  to  those  parts  which 
arc  in  the  neighbourhood  of  the  pole,  and  to- 
the  bays  which  communicate  with  it,  be  sup* 
posed  to  take  their  general  course  towards  the 
Atlantic  Ocean  and  the  Equator,  drawn  thither 
by  the  diminution  of  the  mass  of  Waters,  occa- 
sioned by  continual  evaporation  in  the  torrid 
zone  ?  Even  the  masses  of  ice,  themselves, 
are  observed  to  move  towards  warmer  climates : 
they  have  been  met  with,  to  my  own  know- 
ledge, five  hundred  feet  igh  in  forty-one  de- 
grees south,  five  miles  m  circumference,  and 
Farenheit's  thermometer  sixty  degrees ;  and 
this  proves  either  a  strong  current,  an  attra&ian, 
or  some  other  cause,  a&ing  regularly  and  sys- 
tematically. 

'^  By  the  general  though  not  perceptible  cut^ 
rent,  however,  of  these  polar  effusions,"  saf s 
Saint  Pierre,  ''  they  may  be  said  to  produce 
two  counter  currents,  or  positive  hydraulic  re^ 
a&ions,  as  is  observed  frequently  in  bits  oi  straw^.N 
at  the  sides  of  streams,  mounting  upwards  a- 
gainst  the  course  of  the  streams."  Are  not  boats 
found  very  remarkably  to  profit  by  these  la? . 
1  '  tend 
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teral  coutiter  currents?  Le  Pcre  Charlevoix, 
ulking  of  counter  currents  in  the  lakes  of 
America,  says,  '^  Ces  grands  cotirans,  ne  se: 
font  sentir  qu'au  milieu  du  canal,  et  pro* 
duisent  sur  leurs  bords  des  remoux  ou  contre 
courans,  donjt  on  profite  quand  oq  va  terre  a 
terre,  comme  sont  obliges  de  faire  ceux  qui 
voyagent  en  canots  d'ecorces."  Even  in  the 
lake  of  Geneva,  I  have  been  informed  that 
there  is  a  lateral  flux  and  reflux  in  summer  to* 
vizrds  the  evening,  and  this  occasiojied  by  the 
increased  dissolution  of  the  snow  and  ice  of  the 
Glaciers. 

The  general  current,  which  flows  from  our 
pole  in  summer,  and  which  may  be  supposed ' 
to  spread  rapidly,  traverses  the  Equinodial  Line ; 
for  it  is  not  then  stopped  by  the  effusions  of  the 
southern  pole,  the  more   extensive  dominions 
of  that  pole  being  one  vast ,  and  hoary  region  of 
ice.     In  the  same  manner,  it  may  be  presumed, 
it  stretchy  beyond  the  Cape  of  Good  Hope,  * 
though  a  strong  westerly  set  towards  the  Ei}ua- 
tor  is  generally  prevalent  round  the  Cape ;  and 
taking  its  direAion  thence  from  the  position  of 
Asia  and  Africa,  it  forces  the  Indian  Ocean  to 
take  its  direftion  with  it,  contrary  to  its  ordi- 
nary motion.    And  hence,  perhaps,  one  first - 

cause 


cause  of  the  monuxm  current^  whieh  tak^  pT^e 
ih  che  Indian  seaa  ia  April,  ^nd  wMch  does  not' 
finish  till  September.  The  other  fi^oosooQ  is 
of  couise  caused  bf  the  eessatioa  of  this  genend 
current  firom  the  nonh,  and  the  eomcucncemeflf 
of  the  opposite  one  from  the  south. 

By  these  polar  efiusions^  therefore^  the  prb- 
dpal  phsenomena  of  our  tides^  I  am  strongly 
indined  to  believe,  may  he  accounted  for.  One 
sees,  for  example,  why  those  of  the  eveding  ki 
summer,  are  stronger  than  those  olE  the  moratng ; 
because  the  sun  a6ts  more  powerfully  in  the  day, 
than  in  the  night,  on  the  glaciers  of  our  pole.  In 
springs  from  mountains  covered  with  snow,  the 
same  thing  is  observed.  They  flow  more  abun- 
dantly in  the  morning,  than  in  i^e  evening.  Tim 
she^'S  us  the  reason,  Ukewisc^  why  oor  tide^  in 
the  morning  ih  winter^  are  more  considerable 
than  in  the  evening,  and  why  the  order  c^  our 
tides  changes  about  every  six  months.  At 
each  pole>  the  sun  continues  half  a  year  withdut 
setting  in  summer ;  at  the  same  lime,  it  i#  triie, 
hie  never  ascends  above,  nor  descends  below  the 
hpriooh,  more  than  twenty^three  degrees  and  a 
ba)f«  The  polar  habitants,,  however,  never 
see  the  &H  m^on  in  sumnoer,  though  they  have 
her  always  m  winter.    Nor  do  they  see  die  sun. 

in 
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it)  winttri  though  they  have  him  alw^yft  in  sum- 
mer.   In  which  of  these  periods,  then,  is  th« 
strongest  tide  in  the  ocean  ?     Ellis  answers  u 
above :  ^'  towards  the  northern  pol^  in  the  sUfa-* 
ilACr/'    But,  is  it  by  attradion,  or  by  effusion^ 
that  the  tides  of  the  ocean  come  from  the  pcit%  ^ 
And  why  is  apt  a  polar  effusion,  from  nearly  a 
quarter  of  the  bulk  of  the  vfho]^  gl^be,  of  ice,; 
to  be  admitted  as  capable  of  spreading  to  shores 
^t  four  or  five  thousand  miles  distance,  as  a 
Qoumainous  effusion  firom  an  Imaiis,  an  Andes, 
^  an  Alps,  is  l^nown  to  be  capable  of  a  two 
an4  three  thousand  miies  run^  from  their  sources 
to  the  sea  ?     The  current  of  the  ocean,  r^t 
being  vis2ble„  does  i>ot  afibrd  the  slightest  obn 
je&ioa  ag^nst  the  hypothesis.  In  whatever  man^* 
ner  a  mere  negative  may  he  supposed  to  mili* 
tate  against  a  poUr  effusion,  in  like  tnanner, 
^4  with  equal  strength,  it  militates  against  a 
^uvial  progress  by  atra£tion.     In  open  seas^  the 
tides  in  genieral  rise  but  to  very  small  heights,  ia 
proportion  to  what  they  do  in  wide-mouthe4 
riv^rs»  opening  in  the  direction  of  the  stream 
of  tidou  For,  ux  channels  growing  narrower  grar 
dmMjy  thp  water  is  accumulated  by  the  oppo- 
sitiou  of  contfl^dting  banks :  like  a  gentle  wind, 
little  felt  ,0Q  an  open  plain,  but,  strong  and 
brisk  in  a  narrow  pass;  and  especially  if  the 

wider 


410  LETTER   XXVII. 

wider  end  of  the  pass  be  next  the  plain,  and 
in  the  way  of  the  wind.  The  Atlantic  does 
not  shew  any  current  tending  particularly  to 
the  Mediterranean^  though  it  is  always  rapidly 
ninning  into  the  Mediterranean,  through  the 
Streights  of  Gibraltar.  The  like  is  the  case 
with  the  Black  Sea,  before  it  rushes  through 
the  Dardanelles. 

But,  let  us  consider  a  few  other  affinities 
which  lie  between  the  poles  and  the  sea,  and 
which  we  shall  find  more  surprising,  and  even 
still,  perhaps,  more  convincing.  It  is  at  the 
solstices  that  we  have  the  lowest  tides' in  the 
year ;  and  it  is  at  the  same  periods  that  the 
most  ice  is  at  the  poles,  and  consequently 
the  least  water  in  fluid  is  in  the  ocean.  The 
solstices,  you  will  remember,  are  two  in  each 
year,  the  aestival  or  summer  solstice,  and  the 
hyemal  or  winter  solstice.  The  word,  you 
know,  means  the  sun's  arrival  at  his  greatest 
distances  from  the  ^Equator :  the  summer  sol* 
stice  is,  when  the  sun  seems  to  describe  the 
tropic  of  Cancer,  which  is  on  the  ezd  of  June, 
when  he  makes  the  longest  day:  the  winter 
solstice  is,  when  the  sun  enters  the  fint  d^;ree, 
or  seems  to  describe  the  tropic  of  Capricorn, 
which  is  on  the  2id  of  December,  when  he 

makes 
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makes  the  shortest  day.  This,  of  course,  is  to 
be  understood  of  our  northern  hemisphere  ;  in  • 
the  southern,  it  is  just  the  reverse.  But,  the 
plain  reason  why  at  the  solstices  we  have  the 
lowest  tides,  is  this :  the  winter  solstice,  with 
us,  is  the  period  of  the  greatest  cold,  and  there 
consequently  is  then  the  greatest  volume  of 
ice  in  our  hemisphere.  It  is  true,  it  is  the  sum* 
mer  solstice  at'  the  southern  pole;  but  there  is 
very  little  ice  then  melted  at  the  southern  pole, 
because  the  a£tion  of  the  greatest  heat  is  not 
as  yet  felt  there ;  as  indeed  we  experience  in  a 
similar  case  ourselves,  for  we  find  it  is,  not  until 
the  earth  has  acquired  a  considerable  degre^  of 
heat,  joined  to  the  immediate  aftion  of  the  sun,  ^ 
which  does  not  happen  till  six  weeks  after 
our  summer  solstice,  that  we  have  the  hottest 
days  in  the  year. 

The  contrary,  however,  to  this,  the  highest  ^ 
tides,  we  certainly  have  at  the  equinoxes ;  for  it  is 
then  there  is  the  smallest  quantity  of  ice  at  the 
poles,  and  consequently  the  greatest  quantity  of 
water  in  the  ocean.  For,  as  it  has  been  calcu- 
lated, the  earth  and  the  sea,  which  is  covered  by 
ice,  may  be  equalli^  to  one  tenth  part  of  the 
whole  ocean ;  and  the  height  of  the  polar  ices, 
from  their  base  to  their  top,  is  at  least  six  hundred 
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feec  :  a  mass,  which,  in  melting,  mu^  neces- 
sarily' add  ott€  tenth  to  the  level  of  the  ocean, 
that  IS,  sixty  feet,  which  we  will  reduce  to  fifty, 
to  make  alk)waiice  for  the  difference  between 
the  volumes  of  ice,  and  of  tee  when  melted  into 
snow.*  At  the  equinox  in  September,  the  great- 
est part  of  the  ice  at  our  poles,  which  has  been 
worked  upon  during  the  whole  siumner,  is 
itidte^I ;  and  it  is  at  the  same  time  also,  that  the 
ice  at  the  southern  pole  bc^ns  to  thaw.  Ydo 
wtU  observe^  however,,  that  the  tides  at  the 
equinox  in  March  are  higher  than  those  of  Se^ 
tember ;  and  this  proceeds  from  k%  being  the 
ead  of  summer  at  the  southern  pole,  which  has 
a  greaiter  mass  of  ice  than  the  nortberD,  and 
consequently  gives  a  greater  voiume  of  watef  to 
the  ooean.  The  reasioin  of  its  having  mote  ice 
is,  that  the  sun  continues  six  days  lon^r  in  the 
northern,  than  in  the  southern  hemisphere.  The 
int&mtsskmsj  however,  between  these  polar  ef- 
iiiHiiQa3,  acdt  whidi  of  course,  must  be  supposed 
t»  cause  the  flux  and  reflux  of  our  tides,  twice 
in  the  covKCBc  of  the  four  and  twenty  boors^  may 
probably  depend  on  the  melting  of  the  ice  during 
the  course  of  the  day,  and  the  oessation,  or  the  in* 
GoosideffaUeness  of  thaw,  during  the  nighc.  And 
the  diflcrence  pf  three  quarters  of  an  hour  in 
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the  tide  may  also  be  occasioned  by  the  difie- 
repce  of  quantity  in  the  body  of  the  ice,  as  k 
progresstvely  recede  towards  the  pole,  and  a?,  in 
its  daily  thaw,  the  line  of  congelation  gets  far- 
ther from  us. 

From  all  this  then  it  appears,  it  k  not  froopi 
the  exclusive  a^ion  of  the  sun  and  moon  be* 
iween  the  tropics,  that  the  tides  arc  to  be  dev 
duced ;  but  that  it  is  to  the  influence  of  the3e 
luminaries  at  the  poles  of  the  world,  we  are  t# 
look  for  their  principal  source.  The  polar  ef- 
fusions may  be^  in  a  considerable  degree,  the 
leal  c<^uses ;  aod  as  lhe  phases  of  the,  tnoqn  are 
CQ*ordinate  with  the  course  of  the  sun,  which 
create^  those  eSUsions,  the  reason  is  clear,  why 
the  tide  and  the  phases  of  the  moon,  should 
happen  at  the  sajtne  time.  In  a  word,  {he  tides 
are  semi-diumai  polar  eSiasions,  as  the  general 
currents  of  the  ocean  ara  semi^aQnual.  I  say, 
the  two  general  currents  in  the  year,  because 
the  sun  in  turn,  warms  each  of  the  two  hemis* 
pheres  during  the  prc^ess  of  our  annual  revo- 
luciom 

**  Providence  thus,"  says  Saint  Pierre,. "  has 
probably  ordained,  that  the  effusions  from  the 
polar  regions  should  be  in  proportion  to  the 
evttporadons  from  the  ocean.     And  hence,  we 
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may  consider  the  two  hemispheres  of  the  earth, 
as  two  mountains;  the  two  poles,  as  the  icy 
summits  of  these  mountains;  and  the  seas,  as 
the  rivers  which  majestically  flow  from  them. 
And  if  we  compare  the  proportions  of  the  gla- 
ciers of  Switzerland  with  their  mountains  and 
with  their  rivers,  we  shall  be  able  readily  to 
form  an  idea  of  the  polar  glaciers,  and  of  the 
oceanic  rivers,  which  they  send  forth.  The  ^ 
tides,  indeed,  are  twice  in  each  day.  But,  this 
IS  to  be  accounted  for,  as  I  have  already  said, 
from  the  sun,  in  his  progress  during  the  twenty 
four  hours,  heating  both  sides  of  the  polar  ice. 
In  lakes,  in  the  day  time,  there  is  a  sort  of  flux 
and  reflux.  Nor  is  it  to  be  doubted,  that  if  the 
sun,  during  the  course  of  the  night,  could  heat 
the  opposite  sides  of  the  mountains  whence  lakes 
are  derived,  they  would  also  have  a  similar  flux 
and  reflux  to  that  of  the  sea.  In  "all  this,  how- 
ever, we  are  not  to  suppose  that  each  day's  tide 
is  the  same  day's  effusion  at  the  pole.  It  is  only 
the  effeft  of  a  course  of  such  effusions,  which 
perpetually  succeed  one  to  another;  and  the 
time,  which  any  diurnal  effusion  at  the  poles 
takes  in  passing  to  us,  may  be  estimated  at  six 
i/veeks. 
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This  simple  and  plain  dcdudion  of  the  tides 

of  the  ocean,  from  the  glacial  effusions  at  the 
poles,  is  too  novel,  and  too  unfriended,  I  am 
afraid,  to  be  generally  adopted.  Yet  it  bears 
itself  up,  with  a  wonderful  appearance  of  pro- 
bability. The  origin  of  the  flow  of  rivers  from 
masses  of  ice,  support  it  by  analogy ;  and  the 
phenomena  of  the  spring  and  neap  tides  are  ac- 
counted for,  both  by  reasoning  and  by  calculation. 
In  the  main  of  the  ocean,  for  instance,  it  is 
proved  that  there  are  in  general  no  tides.  In  the 
Caspian  Sea,  which  is  about  8  60  miles  long,  and 
and  in  one  pare  26p  miles  broad,  there  are  no 
tides,  though  there  are  strong  currents.  In  the 
Baltic,  there  is  no  regular  flux  nor  reflux.  There 
is  no  tide  in  False  Bay  at  the  Cape  of  Grood 
Hope,  1^'hich  has  the  aggregated  masses  of  the 
Indian,  Southern,  and  Atlantic  Oceans.  The 
same  may  be  said  of  the  .Mediterranean,  except- 
ing in  a  few  particularly  situated  spots,  although 
in  the  Adriatic  there  is  a  flux  and  reflux.  Why 
gxt  the  first  of  these  considerable  masses  of  the 
voit  I.  Dd  '  general^ 
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general  body  of  the  waters  never  raised,  and  tht 
others  always  raised  }  And  why  is  it,  as  Addison 
says,  and  as  I  Jiave  before  remarked,  that  in 
summer,  the  lake  of  Geneva  should  have  some- 
thing like  an  ebb  and  flow,  which  arises,  as  it 
should  seem,  says  he,  '^  from  the  melting  of 
the  snow,  that  falls  into  it  more  copiously  at 
noon,  than  at  other  times  of  the  day  ?** 

• 

These  striking  deviations  from,  or  rather  con- 
tradidions  to  the  received  theory  of  the  tides, 
argue  with  me,  strongly  I  confess,  against  the 
infallibility  of  the  doftrine.  I  cannot  but  think 
we  may  have  imposed  upon  ourselves,  when  we 
have  abstraftedly  given  the  phjenomena  of  tides, 
to  the  operating  energy  of  causes  arbitrarily 
imagined.  However'  the  phases  of  the  moon 
may  accord  with  the  swellings  of  the  water,  may 
not  both  one  and  the  other  be  looked  upon  as 
harmonious  and  co-ordinate  efFefts  of  another 
distinft  but  powerful  principle  ?  What  is  the 
augmented  quantity,  or  rather  the  increased  ele- 
vation of  the  main  body  of  the  ocean,  at  the 
moment  of  a  spring  tide  ?  Nothing  compara* 
tively  speaking.  Does  not  the  faft  then  seem 
to  be,  that  it  is  not  the  mass  of  the  ocean,  which 
is  diumally  raised,  but,  that  it  is  the  volume  of 
the  waters  which  is  diurnally  augmented  ?    An 
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increase  of  a  fluid,  we  know^  occasions  s^  uni- 
fercn  augmentation  in  every  direction.  But, 
before  it  gets  to  its  general  level,  should  op- 
posing bodies  intervene,  those  9ppos}ng  bodies 
which  would  otherwise  impede  its  progress, 
muse  experience  a  considerable  change  in  ap<* 
pearance  from  its  unusual  elevation.  The  shores 
of  the  northern  and  southern  ^hemispheres  may 
be  considered  as  opposing  bodies  of  this  nature. 
The  shape  of  the  shores,  indeed,  and  the  depth 
0f  the  beds  of  the  rivers,  will  determine  the 
greater,  or  the  lesser  height  of  the  waters  at  their 
influx.  For  instance,  in  die  Severn,  the  tide? 
do  not  rise  higher  than  a  few  feet  ;  whereas 
in  thoWye,  who^e  tides  are  immediately  derived 
from  the  Severn,  they  rise  to  the  extraordinary 
height  of  sixty  feet.  Caa  this  be  occasioned  by 
any  thing  else,  than  a  difference  in  the  planes  pf 
the  beds  of  these  rivers  ?  In  a  word,  to  my  ap- 
prehensioQ  it  appears,  thp  swelling  of  the  ocean, 
by  the  joint  attradtion  of  the  sun  and  the  mpon, 
is  less  phy;5ically  intelligible,  than  the  periodica} 
effusions  of  the  polar  ices  :  and  more. especially, 
as  we  ej^p^rimentally  Icnow,  that  the  sun's  at- 
.■^raftion  of  a  fluid,  occasions  its  evaporation,  not 
its  elevation ;  and  that  the  influence  of  the 
moon,  if  it  has  any,  is  at  best  but  problematical, 
9nd  feeble  in  its  operation. 

Pd%  It 
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It  has^  indeed^  been  said,  that  the  lunar  energf 
has  been  demonstrated,  beyond  the  power  of 
contradi£fcion ;  and  that  besides  its  wondrous 
influence  on  the  element  of,  the  waters,  it  can 
be  further,  and  perhaps  more  clearly  proved  on 
the  element  of  the  air.  This  is  going  a  great 
way.  Grive  such  energy,  indeed,  to  the  sun,  and 
I  am  satisfied.  But,  if  one  be  erroneous,  the 
other  must  be  erroneous.  Or  if  one  be  true, 
the  other  must  be  true ;  for  the  ocean  c^  the 
fluid  air  must  be  afTeiSted  as  well  as  the  ocean 
t)f  the  fluid  water,  and  in  a. considerably  greater 
degree,  as  it  has  eight  hundred  times  its  levity. 

Upon  the  whole,  then,  the  theory  of  the  polar 
effusions,  seems  to  me,  to  have  less  difficulties 
attached  to  it,  and  to  demand  less  implicit  faith, 
than  the  theory  of  the  solar  and  lunar  attra6tions. 
I  may,  indeed,  be  wrong;  but,  I  honestly  con- 
fess, I  cannot  comprehend  how  tides  in  the  air, 
tides  in  the  brain,  or  tides  in  the  ocean,  can,  in 
any  specific  manner,  be  brought  about  by  lunar 
attraction.  I  am  well  aware  of  the  great  names^ 
from  which  I  venture  to  differ.  On  many  oc* 
casions,  I  have  shewn  my  thorough  belief  of  a 
tendency  in  the  particles  of  matter  to  each  other, 
or  of  an  attradion;  for  I  admit  the  word, 
knowing  no  better*    But,  whether  attra£Uon  be 
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cause  or  efFeft,  I  profess  myself  entirely  igno- 
rant. The  attradion  that  lifts  up  the  tide^  is 
the  occult^  the  contradi(ftory  attraction,  I  may 
say,  that  I  have  alone  presumed  to  call  m  ques- 
tion. For  upon  what  principle  of  reason  can  I 
suppose  the  enprmous  body  of  th6  ocean  to  be 
powerfully  affeded  by  the  attraction  of  the 
moon,  and  that  other  given  quantities  of  water, 
such  as  seas,  lakes,  ponds,  even  basons  of  water, 
shall  in  no  manner  whatever  be  affected  ?  Is 
an  attractive  cause  to  have  great  influence  over 
a  large  body,  and  no  influence  over*  a  small 
body  ?  But,  enough.  You  have  here,  can- 
didly, what  has  occurred  to  me  on  the  subjeCt. 
Should  I  be  in  an  error,  it  is  my  only  wish  to 
t>e  set  right :  and  I  shall  be  grateful  to  the 
friendly  hand,  which  shall  point  out  to  me  where 
I  am  wrong,  and  shall  hold  forth  further  lights 
to  illuminate  the  path  in  which  I  delight  to 
tread. 


Dd  3  LET. 
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From  water  in  its  fluid  and  in  its  elemental 
state^  we  now  proceed  to  cdnsider  it  as  the  re- 
gion  in  wbich  a  variety  of  our  most  stupendous 
terrene  substances  have  been  gathered  together^ 
or  crystallised.     The  liquid  ocean  has  been  the 
parent  of  the  solid  rock^  whose  conformation^ 
together  with  its  various  phenomena,  evidently 
shew  it  to  have  once  been  soft  or  liquid ;  for 
substances  that  are  found  in  it^  could  ndt  have 
entered  into  it,  after  it  had  become  hard  and  im* 
penetrable.     Des  Cartes,  Indedd,  thought  it  not 
too  much  to  say,  "  the  rock  diiSered  in  nothing 
from  common  hietal,  but  in  the  grossness  of  its 
elementary  particles ;"  while  Tournefort,  on  th^ 
contrary,  held,  ^'  that  stones,  like  plants,  were 
generated  from  a  seed.**-    An   appearance  of 

m 

veins,  which  he  observed  in  certain  stones^  as 
Well  as  the  stalaflitical  increase  of  the  inscrip* 
tions  on  the  famous  grotto  of  Antiparos,  led 
him  to  conclude,  they  were  really  of  an  organic 
ktrudture.  But  it  is  now,  I  believe,  granted  on 
all  hands^  that  stones  do  grow^  by  the  concre^ 
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tion  of  terreous  and  other  particles j  which ,  ac- 
cording to  their  mixture^  make  either  ada- 
mancs^  pebbles,  or  free-stone.  Osseous  and  tes- 
taceous substances^  likewise^  harden  by  time. 
Their  durability,  however,  is  not  eternal.  Like 
other  things  that  have  growth,  they  have  decay. 
Were  it  otherwise^  were  stones  continually  to 
increase,  and  be  sensible  of  no  decay,  the  whole 
world  would  have  been  turned,  by  this  time,  into 
one  massy  rock,  by  petrificaions.  But,  air  and 
rain  work  upon  those  parts  that  are  exposed ; 
and  lire  upon  those  that  are  imbedded.  They 
crumble  perceptibly,  and  in  the  succession  of 
ages^  inevitably  have  an  end. 

Every  production  of  an  animal,  vegetable,  and 
mineral  substance,  is  progressive;  plants  and 
fruits,  from  seeds ;  and  stones  and  minerals,  from 
the  bowels  of  the  earth,  or  water.  ♦  Water,  satu- 
rated with  calcareous  matter,  adheres  to  vege- 
tables and  other  substances,  and  thus  by  con- 
stant accretion,  large  masses  of  stone  are  formed* 
Witness  the  exuviae  of  animals,  and  other  things 
found  in  stone.  In  caverns  and  fissures,  sta- 
la£titae,  laminae  of  spar,  lead  ore,  zinc  ore,  py- 
rits,  fluor,  and  other  substances,  crystallize  in 
various  forms,  owing  to  water  filtrating  through 
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the  incumbent  strata,  and  taking  up  in  its  pas« 
sage  a  variety  of  mineral  substances^  and  be« 
coming  thus  saturated  with  metallic  particles^ 
which  gradually  exuding  on  the  sur&ce  of  the 
caverns  and  fissures  in  a  quiescent  state^  the 
aqueous  particles  evaporate^  and  leave  the  mi« 
neral  substances  to  unite,  according  to  their 
affinities.  Thus,  in  like  manner,  all  beds 
of  stone  were  origbally  in  a  state  of  flui^ 
dity. 

In  the  union  of  bodies,  a  phaenomenon  always 
happens,  which  chymists  call  a  dissolution.  It 
is  an  attenuation,  a  division,  a  total  dispersion 
of  the  solid  body,  brought  into  contact  with  the 
fluid  body.  Thus  in  the  instance  of  chalk  with 
the  vitriolic  acid.  We  here  find  their  afiinity 
to  combination  to  be  stronger  than  the  natural 
texture  of  the  solid;  the  aggregation^  which 
united  the  molecules  of  the  chalk,  and  which 
made  it  a  solid  body,  being  dispossessed  of  their 
property  by  the  acid.  *  And  hence,  before  two 
bodies  can  combine,  one  at  least  must  be  in  a 
state  of  fluidity.  But,  it  is  not  necessary,  as  the 
old  axiom  had  it,  that  both  should  be  fluid. 
^^  Corpera  non  agunt  nisi  sint  soluta.**  One  is 
generally  sufficient. 

In 
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In  the  passing  of  a  substance  froai  a  fluid 
into  a  solid  state,  it  almost  universally  appears, 
(for  there  are  exceptions)  to  have  its  parts  ar* 
ranged  in  a  symmetrical  order.  Thus  we  sec 
that  most  minerals ;  saline  combinations,  whether 
obtained  by  solution  or  sublimation ;  and  metals, 
if  suffered  to  cool  slowly,  have  their  peculiar 
forms,  though  in  some  more  evident  and  distin* 
guished  than  in  others.  This  property  called 
crystallization,  is  by  some  distinguished  into  two 
kinds :  the  one  made  in  a  menstruum,  as  salt 
crystallizes  in  water ;  and  the  other  by  mere 
•cooling,  as  when  water  freezes  alone.  But,  it 
long  was  a  question  whether  stones,  particularly 
precious  stones,  rock  crystals  and  flints,  were 
crystallised  from  a  state  of  solution  in  water,  or 
of  fusion  by  fire.  Many  were  of  the  latter  opi- 
nion, though  pure  vitrifiable  earth  cannot  be 
brought  into  fusion  by  the  most  powerful  heat 
of  our  furnaces.  "  Yet,**  says  Dr.  Eason,  "  at 
a  black  flint  has  been  melted  without  addition 
by  the  concentrated  rays  of  the  sun,  it  is  proba- 
ble there  are,  or  have  been  degrees  of  heat  in 
nature  sufficient  to  pfoduce  t^e  same  tfftSt. 
Moreover,  it  is  probable  that  the  immense  mas* 
ses  of  fires,  which  seem  to  be  the  cause  of  earth- 
quakes and  burning  mountains,  are  sufficiently 

strong 
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itrofig  to  briog  into  fuBioii  the  purest  kiod  of 
vitriftable'  earth.  And  as  the  stones  above  men- 
tioned are  known  to  be  compounds,  they  must 
be  more  fusible  than  the  vitrifiabk  earth  simply: 
besides,  in  addition  to  that  earth  which  makes 
dieir  basis^  they  contain  metallic  calces,  on 
which  their  colours  depend,  and  a  particular 
matter,  determining  the  figure  into  which  they 
trystallize*" 

» 

But,  all  this  admitted,  there  still  remains  an 
insurmountable  difficulty.  Flints  are  known,  as 
I  formerly  instanced  to  you,  to  have  unequivocal 
marine  bodies  in  their  very  centers,  and  to  lose 
in  a  very  moderate  degree  of  fire,  both  their 
transparency  and  their  cohesion,  as  those  stones 
do  which  have  crystallized  from  water:  rock 
crystal  has  sometimes  a  drop  of  water,  and  even 
vegetable  and  anitnal  matters  in  their  natural 
state,  inclosed  in  its  substance.  The  diamond 
is  combustible,  or  totally  to  be  consumed  by  the 
adtion  of  fire,  without  entering  into  fusion. 
These  stones,  therefore,  could  not  have  been 
.  produced,  by  violence  of  fire ;  and  the  crystal 
pits  in  the  Alps,  afford  satisfadory  evidence 
that  this  kind  of  stone  is  a  crystallization  from 
water. 

But, 
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But^  let  us  come  a  little  closer  to  the  qvies- 
tioft.  Crystals  are  bodies,  which  though  desti- 
tute of  organic  structure,  yet  externally  resemble 
geometrical  figures.*  As  a  great  variety  of 
forms  may  be  produced  by  the  spathaceous  par- 
■  tides  accumulated  in  different  ways,  it  is  pro- 
bable, that  the  difference  crystals  have  in  their 
consistency,  surfaces,  angles,  and  sides,  is  ow- 
ing to  variety  in  their  mechanical  elements*  But^ 
here  a  question  may  properly  be  started;  whether 
the  most  minute  molecules,  and  as  it  were  th(& 
stamins,  be  naturally  possesi^ed  of  a  determinate 
angular  figure,  or  whether  they  first  acquire  it 
during  crystallization  ?  This  I  cannot  anwser. 
Experiment  however  seems  to  prove,  that  whethet 
they  have,  or  whether  they  have  not,  this  deter- 
mination in  the  molecules,  they  have,  at  one  mo^ 
ment  or  other,  a  determinate  angular  figure.  The 
watery  particles  concreting,  exert  a  double  ten- 
dency ;  by  one  of  which,  they  are  formed  into 
ftpiculse;  by  the  other,  these  spicule  are  ranged 
in  such  a  manner  with  respedl  to  one  another,  as 
to  form  angles  of  60  degrees :  and  hence  the 
varieties  observed  in  the  particles  of  snow  may 
be  easily  explained.  We  have,  therefore,  only 
to  suppose,  the  particles  which  are  employed  in 
ciystallization,  to  be  endowed  with  a  tendency 

to 
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to  form  spicule ;  and  these  spicula^  with  a  ttn-^ 
dency  to  arrange  themselves  at  equal  angles  of 
inclination,  and  we  shall  then  have  both  the 
pyramids  and  the  triangles,  composed  of  them  : 
as  the  angles  of  inclination  vary,  the  triangles 
and  pyramids  will  also  vary ;  and  hence  the  dif- 
ferent forms  of  crystals  will  be  produced.  Upon 
any  other  supposition,  than  that  of  the  existence 
of  the  mechanical  elements  under  determinate 
and  peculiar  Bgures,  it  would  likewise  be  im- 
possible perhaps  to  assign  a  cause,  which  should 
arrange  different  substances,  under  different  an- 
gles, and  yet  preserve  these  angles  always   con- 
stant in  the  same  substance.     Powdered  resin, 
which  must  doubtless  consist  of  particles  of 
great  variety  of  forms,  when  sprinkled  on  an 
cleftrophorus,  is,  by  the  eledtric  fluid,  formed 
into  stars  like  those  of  snow  :  from  the  external 
appearance  indeed,  on  all  occasions,  is  warrant- 
ably  to  be  denied,  a  suspicion  concerning   the 
identity  of  the  internal  constitution. 

The  most  common  method  of  crystallizing, 
is  by  means  of  water,  as  it  easily  takes  up  saline 
matters,  and  upon  being  sufficiently  diminished 
by  evaporation,  yields  them  again  in  a  concrete 
state ;  nay,  until  lately  it  had  been  thought,  that 
without  this  vehicle,  no  crystals  could  be  ob- 
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tained.  And  yet  it  is  asked,  is  water  porous  ? 
Does  it  absorb  into  its  pores,  and  without  being 
in  the  least  augmented  in  bulk,  these  very  saline 

« 

particles  ?  The  question,  I  confess,  is  difficult, 
however  affirmatively  It  may  have  been  deter- 
mined by  philosophers.  The  passage  of  light 
through  it,  indeed,  and  other  phaenomena,  in*' 
dicate  the  existence  of  vacuities  in  it.  Yet,  it 
is  not  readily  to  be  explained,  however  solution 
be  carried  on,  how  even  the  smallest  quantity  of 
salt  can  be  dissolved  in  the  largest  quantity  of 
water,  without  increasing  its  magnitude.  But, 
it  is  not  only  when  actually  dissolved  in  water, 
that  crystals  require  determinate  forms,  but,  it 
is  also  most  probably  the  case,  when  they  are 
only  sufficiently  attenuated  and  mixed  with  it ; 

^  for  substances  not  soluble  in  water,  will  yet  re- 
main suspended  in  it;  and  such  substances 
doubtless  possessing  attra<ftion,  and  also  the  ne-' 

:  cessary  degrees  of  mobility,  there  seems  to  be  no 
reason  why  they  should  not  form  crystals.  And 
it  appears  highly  probable,  in  reality,  that  many 

^  of  the  earths  which  occur  in  the  mineral  king- 
dom, symmetrical  and  of  a  regular  form,  have 

;         coalesced  in  this  way.    Crystals  may  frequently 

V         be  obtained  by  fusion  and  slow  cooling ;  glass, 

y  if  melted,  and  slowly  cooled,  forms  beautiful 
(ry$taU«     Scoriae,  taken  from  furnaces  where 

i  iron 
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iron  has  been  fused,  have  been  found  of  a  re^ 

gular  prismatic  figure.  In  large  metallic  masses^ 
such  especially  as  are  difficult  of  fusion,  the 
lower  particles  are  generally  so  much  pressed 
by  the  weight  of  the  superior,  that  they  shew 
no  signs  of  crystallization,  although  on  the  upper 
surface  of  gold,  silver,  iron,  and  others^  beau? 
tiful  crystals  are  formed. 

This  property  of  crystallizing  seems  to  be- 
long to  every  solid  body,  provided  its  particles 
be  so  subtilely  divided  and  suspended,  either  ip 
the  dry  or  in  the  humid  way,  that  while  they 
are  again  concreting,  they  may  be  at  liberty  to 
obey  their  mutual  attraction.  Nor  when  we 
say  this,  let  it  be  thought  extraordinary,  that 
we  should  refer  the  congelation  of  water  to  m 
.operation  of  this  sort.  Let  it  be  considered, 
that  it  is  by  the  means  of  the  matter  of  heat, 
that  water  is  fluid,  and  that  lyhen  this  matter  of 
heat  is  diminished  to  a  certain  degree,  it  crystal- 
lizes, and  becomes  ice.  Congelation,  and  crys- 
tallization, appear  to  be  one  and  the  same  thing. 

Some  celebrated  chymlsts,  considering  that 
many  salts .affeft  an  angular  form,. aixlfrequendy 
.one  of  a  constant  and  permanent  kind,  have  sup- 
posed this  property  to  belong  exclusively  to 

salts; 
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salts ;  and  when  they  have  met  with  any  bbdici 
'  similarly  figured,  have  attributed  this  figure  to  a 
salt,  which  they  have  fancied  to  be  concealed  in 
that  body* '  But,  this  has  been  erroneous ;  as  from 
experiment  it  has  been  found,  that  a  very  great 
number  of  crystals  are  either  totally  destitute  of 
any  thing  s^ine,  or  else  possess  it  in  such  small 
quantity,  that  no  trials  hitherto  made,  have  been 
able  to  discover  the  least  sensible  traces  of  it. 
Gems,  gmnites,  schoerls,  mica,  and  other  earthy 
bodies,  arc  frequently  found  figured,  though 
analysis  can  discover  nothing  saline.    The  same 
is  true  of  gold,   silver,  and  the  other   native 
metals  ;  as  also  of  lead,  tin,*  bismuth,  and  zinc 
united  with  mercury,  of  which  all  put  on  re- 
gular forms  accprding  to  the  quantity  of  the 
mercury. 

'  In  order  however  that  the  form  of  a  crystal 
inay  be  regular,  three  circumstances,  it  is  said, 
are  required ;  time,  a  sufficient  space,  and  re- 
pose. Time  causes  the  superabundant  fluid  to 
be  slowly  dissipated,  and  brings  the  integral:  parts 
•nearer^  to  each  other  by  insensible  gradation, 
aiid  without  any  sudden  shock.  Their  integral' 
parts,  therefore,  unite  accordic^  .to  their  constant 
laws,  znd  form  a  regular  crystal.  Space,  or 
sufficient  room,  is  likewise  a  condition  necessary 

'  for 
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for  obtaining  regular  crystallization.    If  nature 
be  restrained  in  her  operations,  the  produd:  of 
her  labour  will  exhibit  symptoms  of  this  state  of 
constraint.     A  state  of  repose  is  likewise  ne- 
cessary in  the  fluid,  to  obtain  any  regular  form. 
Uninterrupted  agitation  opposes  all  symmetrical 
arrangement;  and   in  this   case,  the  crystalli- 
zation obtained  will  be  confused  and  indeter- 
minate. To  saline  substances,  the  water  of  crys- 
tallization is  necessary ;  and  crystallization  is  al- 
ways said  to  begin  at  the  surface  of  the  liquid, 
or  on  the  sides  of  that  by  which  it  is  contained, 
merely  because  those  parts  are  the  first  which 
suffer  refrigoration,  * 

But,  to  obtain  bodies  under  the  form  of  ctjs* 
tals,  a  previous  solution  is  not  always  necessary, 
A  simple  mechanical  division  is  sufficient.  So- 
lution does  not  change  the  nature  of  bodies,  but 
limply  procures  an  extreme  state  of  division ; 
so  that  the  disunited  principles  appmadiing  each 
other  very  gradually^  and  without  starts,  can 
adopt  themselves  to  each  other,  by  following 
the  invariable  laws  of  their  gravity  and  affinity. 
Now  a  division  purely  mechanical,  produces 
the  same  efiedb,  and  places  the  principles  in  the 
same  disposition.    We  ought  not,  therefore,  to 

be 
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be  surprized,  if  most  salts^  such  as  gypsum^ 
when  dispersed  ia  the  earth,  should  assume  re- 
gular forms,  without  any  previous  solution; 
neither  ought  we  to  think  it  strange,  if  the  im- 
perceptible  fragf»erits  of  quartz,  spar,  &c«  when 
carried  along,  and  prodigiously  divided  by  the 
a^ion  of  the  waters^  should  be  deposited  in  the 
form  of  regular  crystals,* 

The  gems  I  have  mentioned,  have  frequently 
also  been  ranked  adnong  saline  bodies.  But,  in 
so  doing,  naturalists. have  regarded  nothing  but 
their  figure.  They  have  likewise  been  ranked 
among  vitrfescible  stones.  Those  who  class  them 
so,  besides  various  negative  criteria  of  lesser 
moment,  maintain,  they  have  a  glossy  ap- 
pearance, and  that  in  fusion  with  fixed  alkali, 
they  run  into  a  pellucid  glass.  The  former  of 
these  assertions  is  not  correft ;  the  latter,  indved, 
refers  to  a  quality  more  essential.  Hardness  is, 
in  general,  but  a  very  vague  mark,  as  it  often 
depends  upon  the  degree  of  exsiccation,  the  sub- 
stance stiH  remaining  the  same,  as  appears  suffi- 
ciently in  soft  day,  when  well  burned.  What 
some  call  vitrescent  earths,  others  denominate 
siliceous ;  but,  names  change  not  the  natuce  of 
VOL.  I.  Ee  things, 

♦  Chaptal's  Chymiatry. 
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tbinff,  those  being  the  bestj  which  are  bese 
adapted  to  it.  . 

Getnsi  all  consist  of  the  same  pri&ciples :  ar« 
gillaceous  earths  form  the  gtjeatest  part ;  then 
the  siliceous^  next  the  calcareous ;  and  least  of 
all  the  iron  orferrugenous.  The  two  first  ingredi* 
ents  vary  extremely:  they  exceed  all  other  bodies 
in  hardness.  What  a  prodigious  degree  of  exsic- 
cation,  if  exsiccaion  is  in  truth  to  be  admitted^  b 
requisite  to  occasion  such  a  degree  of  hardness ! 
The  heat  of  the  temperate  zone  is  supposed  in* 
sufficient  for  this  purpose,  and  the  more  con* 
stant .  and  intense  heat  of  the  tropical  climate 
absolutely  requisite.  Condensation  is  the  ne- 
cessary consequence  of  this  hardness;  hence 
the  gems  are  more  ponderous  •  than  the  earthy 
crystals.  But,  on  this  hea^,  I  must  confess  I 
have  some  degree  of  hesitation.  Exsiccation,  we 
must  indisputably  allow  to  be  necessary.  But, 
as'the  rays  of  the  sun  penetrate  only  an  incon- 
siderable way  into  the  earth,  can  we,  with  strid 
philosophical  precision,  conclude,  that  exsicca- 
tion proceeds  from  the  aftion  .of  the  external 
heat  ?  The  depth  at  which  gems  in  general  are 
found,  is  greatly  out  of  the  reach  of  the  solar 
influence.  Should  we  not  then  look  for  the 
operation  of  some  other  cause  ?  I  own  the  im< 

plicit 
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plicit  adoption  ef  the  opinion^  is  beyond  the  reach 
of  my  faith.  But,  it  is  the  celebrated  Bergman 
who  advances  it ;  and  he  is  too  high  in  repu- 
tation, to  be  hastily  deemed  erroneous.  We 
shall  presently  see  what  is  to  be  said  against  so 
extraordinary  a  theory* 

To  the  siliceous  class,  we  may,  without  re- 
serve, refer  quartz  and  mountain  crystal ;  por^ 
phyries,  properly  so  called,  and  jaspers,  but 
more  ambiguously  petro-silices  and  felt  spar; 
as  also  zeolites,  schoerls,  and  lastly,  garnets, 
which  are,  as  it  were,  intermediate  between 
those  and  the  geths,  which  are  to  be  en- 
tirely excluded  from  siliceous  earth,  as  not  only 
by  their  nature,  but  by  die  proportion  of  their 
primary  principles,  they  challenge  a  place  among 
the  days.  Most  of  the  ambiguous  stones  abound 
in  siliceous  earths^  and  contain,  besides  por- 
dons  of  calcareous  and  argillaceous  earths,  cer* 
tain  portions  of  the  silex  also, 

,  But,  before  we  proceed  on  this  subjeft,  it 
may  not  be  amiss  to  enquire  into  those  elemen<» 
tary  particles,  of  which  these  gems,  crystals, 
&c*  are  said  to  be  compounded.  Earths  are 
^mfflooly  understood  to  be  tasteless,,  inodorous, 
dry>  brittle,  uninflammable  substances,  which  are 

'Si^  7'  incapable 
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incapable  of  being  metailizedy  and  are  scarcely 
soluble  in  water.  They  are,  in  their  simple  state, 
that  white,  friable  substance,  which  remains  of 
a  bone,  after  all  the  other  principles  are  burnt 
out  c^  it ;  and  will  endure  the  utmost  violence 
of  fire,  without  being  consumed  or  vitrified. 
The  five  simple  earths  are,  the  calcareous,  the 
ponderous,  the  magnesiab  or  muriatic,  the  ar- 
gillaceous, and  the  siliceous.  And  all  stones 
and  earths,  hitherto  examined,  are  found  to  con- 
sist of  jthese,  either  singly  or  mixed  ;  or  chy- 
mtcally  united  witb  eacb  other  in  various  pro- 
portions, together  with  saline,  iofiammable,  and 
metallic  substances.  For  ^n  the  earth  they  are 
seldotp  or  ever  found  perfiedly  pure^  The  cal« 
careous  pure,  constitutes  a  lime;  the  .ponderous 
pure,  is  also  in  a  state  of  lime,  and  perfe&ly  re* 
sembles  it  in  taste ;  the  magnestan  and  argil- 
laceous may  likewise  be  called  absorbent  earths, 
as  they  are  combinable  with  all  acids ;  the  si- 
liceous alone  is  a  crystalline,  quartzy,  or  vicri- 
fiable  earth,  as  it  is  that  of  which  glass  is  usu- 
ally formed,  and  unites  with  no  c^her  than  the 
sparry  acid.  * 

All  earths  may  be  divided  into  simple  and 
compound.    Simple,  as*  these  five  unakerable 

kinds, 
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kinds,  which  constitute  five  sorts  or  genera^ 
under  which  all  terrene  compounds  may  be 
ranged.  Compound,  as  those  that  are  com- 
bined or  mixed  in  proportion,  either  with  each 
other,  or  with  a  saline,  inflammable,  or  metallic 
principle,  yet  not  in  sufficient  proportion,  to  re- 
quire them  to  be  arranged  under -such  foreign 
principles.  Thus,  gypsum  is  t  compound  earth, 
consisting  of  a  calcareous  earth,  and  a  saline 
principle.  But  to  say  a  few  words  concerning 
their  more  peculiar  chara<5teris{ics  :  argillaceous 
earth  is  distinguishable  from  the  extreme  sub- 
tilty  and  fineness  of  its  integrant  parts,  which 
render  it  smooch  to  the  touch,  and  slowly  se- 
parable from  water  when  diffused  through  it ; 
also  from  a  certain  viscidity  and  duftility,  which 
proceed  from  its  power  of  retaining  water  :  a^d 
of  these  properties  magnesia  also  participates, 
though  in  a  lesser  degree.  Siliceous  earths,  on 
the  contrary,  are  charafterized  by  roughness, 
hardness,  sharpness  to  the  touch,  and  a  total 
want  of  flexibility,  and  adherence  to  each  other, 
when  minutely  divided,  and  a  ready  separation 
from  water  :  of  these  properties,  calcareous  and 
ponderous  earths  participate,  though  in  a  lesser 
degree.  The  earth  alone,  however,  which 
can  be  looked  upon  as  the  menstruum  of 
other  earths^  is  the  calcareous ;  for  according 
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to    the  important    discovery  of    M.  d'Arcet, 
they  are  all  rendered  fusible,  by  a  proper  pro- 
portion   of    this  earthy     though   infusible  of 
themselves.* 

There  is  another  earth  on  which  chymists  had 
long  differed  in  opinion,  namely,  the  earth  of 
alum,  one  of  the  most  valuable  materials  in  the 
arts ;  the  soul  of  the  art  of  dying,  and  the  mor- 
dant to  all  colours.  At  length  the  celebrated 
Margraaf  demonstrated,  that  all  clay  upon  the 
surface  of  the  earth  consisted  invariably  of  two 
principles ;  one  of  which  forms  the  genuine 
earth  of  alum,  and  is  perfeftly  different  finom 
calcareous,  gypseousjor  metallic  earths,  and  from' 
magnesia.  The  tenacious  and  plastic  quality  of 
clay  when  moistened,  its  cracking  when  dried, 
and  finally/  the  flinty  hardness  which  it  acquires 
in  the  fire,  are  all  owing  to  the  earth  of  alum. 
Its  siliceous  particles  being  such,  as  not  to  be 
capable  of  being  either  softened  or  hardened. 
Buffon,  indeed,  considered  clay  as  flint  minutely 
divided ;  and,  on  the  contrary,  flint,  as  clay  very 
much  condensed.  But,  he  was  in  an  erron 
There  is  certainly  a  portion  of  clay,  though  ex- 
tremely small,  which  is  always  found  even  in 
quartz.  But,  the  siliceous  earth  dissolved  in 
fixed  alkali,  cannot,  by  means  of  the  vitriolic 
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ftcid^  form  alum.  Moreover,  when  put  to  the 
test  of  experiment,  the  hypothesis  falls  to  the 
ground  ;  for  pure  day  is  converted  .into  alum 
by  vitriolic  acid ;  and  the  siliceous  earth  is  not 
so  much  as  dissolved  by  that  menstruum.  Com- 
mon clay,  to  say  no  more  of  it,  is  a  mixture  of 
argill  and  siliceous  earths,  in  which  the  latter 
mostly  predominates.  *  All  cljqrs,  however, 
which  contain  a  mixture  of  calcareous  or  muri- 
atic earth,  or  gypsum,  or  fluor,  or  felt  spar,  or 
iron,  are  more  or  less  fusible. 

In  some^^way  or  other,  however,  all  the  sub- 
stances hitherto  examined  in  nature,  have  evident- 
ly appeared  to  be  compounded  of  one  or  more  of 
these  elementary  principles.  As  to  the  gems :  the 
&ssiU  so  called,  may  be  ranked  thus  :  crystal, 
agat-e,  jasper,  emerald  in  form  of  pebble  or  crystal, 
carnellanj^sarda,  or  sardius,  all  name  sof  the  same 
stone ;  onyx,  an  undetermined  transparent  gem ; 
sardonyx,  a  semi-transparent  gem,  which  par- 
takes of  the  flesh  colour  of  the  sardius,  and  of 
the  zoned  or  tabulated  form  of  the  onyx ;  the 
topaz,  called  by  the  ancients  chrysolite;  the  sap- 
phire, the  ruby,  the  carbuncle,  which  is  a  species 
of  ruby,  the  beryl,  which  is  a  finer  sort  of  crys- 
tal of  the  columnar  form,  the  jacint  or  hyacinth, 

E  e  4         •  the 
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the  amethyst,  the  garnet,  and  diamond,  or  ada- 
mant, which  excels  every  body  in  nature  in  two 
respedVs — first,  in  hardness,  secondly  in  refradting 
light. 

But,  we  must  for  the  present  leave  these  more 
precious  and  rare  productions,  and  confine  our 
enquiries  to  other  crystallizations,  wf*ich  arc 
abundant,  and  more  evident  to  our  senses,  ^artz^ 
as  we  have  already  seen,  are  of  the  siliceous  ge- 
nus, and  in  g^eral  contain  a  slight  mixture  of 
other  ^earths.  The  most  obvioos  distinftion 
among  them,  arises  from  their  trat^parency  or 
opacity.  Crystal  is  of  the  purest  kind.  Berg- 
tnan  has  formed  perfeft  crystals,  by  disserving 
siliceous  earth  in  the  sparry  acid,  and  suffering 
it  to  crystallize  slowly.  It  is  probable  that  na-  * 
ture  forms  them  in  a  long  course  of  time,  from 
a  solution  or  diffusion  of  this  earth  in  pure  wa- 
ter, or  water  that  holds  a.  little  argill  or  calca- 
reous earth,  which  prot)ably  enables  it  to  take 
up  more  of  the  siliceous  earth  than  it  otherwise 
could. 

Pure  mica  is  colourless ;  but^  either  from  a 
less  intimate  combination,  or  from  a  mixture  of 
«ome  superfluous  ingredient,  principally  iron,  it 
is  found  of  different  colour^.     Spiopth^  but  not 

greasy 
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greasy  to  the  touch,  which  distinguishes  it  from 
talc.  Its  texture,  lamellar  or  scaly ,  and  its  ap- 
pearance,  sometimes  splendidly  metallic.  *  The 
slate  or  schistus:  under  this  name  are  a  great 
variety  of  stones  ;  x\it  argillaceous  grit  ^  free-stone, 
or  sand-stone,  is  so  called,  because  ic  may  be  cut 
easily  in  all  diredions.  The  horn  stone^  has  be- 
sides a  l^artial  solubility,  though*  without  effer- 
vescence, in  acids,  a  hardness  never  sufficient  to 
strike  fire  with  steeL  It  is  frequently  mixed  with 
pyritas :  and  D|  Saussure  says,  he  is  "  firm- 
ly persuaded  it  is,  when  in  a  state  of  fusion, 
the  first  matter  of  lavas  and  basakae/'  Common 
fiintj  «ilex,  or  pebble,  is  found  of  all  colours.  It 
is  composed  of  crvstal  detiased  with  earth,  and  is 
commonly  covered  with  an  opaque  white  crusty 
which  seems  of  the  same  nature,  but  more  im- 
perfedbly  combined.  Flint  is  always  semi-trans- 
parent in  thin  pieces ;  in  hardness  is  various, 
though  it  always  givai  fire  with  steel ;  its  tex- 
ture is  solid,  whereas  that  of  quartz  is  loose; 
it  breaks  with  smooth  surfaces,  one  of  which  is 
convex,  the  other  concave  ;  it  is  never  found 
crystallized,  but  rather,  in  separate  irregular 
nodules,  scattered  through  other  strata,  and 
plentifully  in  England,  in  beds  of  chalk.  It  has 
seldom  any  fissures,  with  which  quartz  abound. 

Felr 
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Felt  spar ^  or  pctuntze,  is  generally  opaque,  and  is 
found  of  all  colours  j*  sometimes  crystalliz^ed  in 
thombic,   cubic,  or  parallelipedal  forms,  and 
often  without  any  regular  form :    its  texture 
close  but  lamellar,  and  breaks  like  spar.  It  never 
constitutes  veins  or  strata,  but  is  either  found  in 
loose  masses,  at  most  two  inches  long,  or  mixed 
with  sand  or  clay,  or  embodied  in  other  stones, 
as  graniteSi    Schoerl  jj^as  a  sparry  or  semi- vitri- 
fied appearance.  It  is  always  crystallized  in  some 
polygon  form ;  its  texture  obsoMrely  sparry  :  it 
is  of  all  colours.     The  tourmaline  is  a  variety 
of  the  schoerl.     Pudding-stone^  brecciaSj  stones 
which  consist  of  a  siliceous  ground  or  cement, 
(commonly  petro-silex,  jasper,  or  siliceous  grit) 
in  which  pebbles  of  silex  m  agate  are  inter- 
spersed :  if  thesfe  be  round  or  oval,  they   arc 
called  pudding-stones,  if  asugular  bi«ccias.     Of 
the  coarser  sorts,  mill'^tones  are  often  made. 

Granite  has  been  supposed  by  naturalists,  to  be 
composed  of  grains  pf  sand  or  gravel  cemented 
together,  and  hence  probably  it  derived  its  name. 
In  granite,  however,  it  is  impossible  to  discover 
any  cement,  such  as  is  observable  in  pudding- 
stone,  breccias,  and  grit.  All  its  parts  appear 
integral,  and  seem  so  well  adapted  to  each  other, 
that  one  might  say,  they  were  petrified  together, 

during 
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tlUring  the  time,  they  were  still  flexible  and 
lender.  They  indisputably  were  all  formed  in 
the  same  element  and  by  the  same  cause^  the 
principle  of  #hich  was  crystallization.  *  "  J*ai 
vu  dans  le  Lyonnois/'  says  De  Saussure,  ^^  dans 
l*Auyergne,  dans  Ic  G6vaudan,  dans  le  vosges, 
des*lieus  entieres  de  pays,  dont  le  terrein-n'etoit 
autre  chose  qu'un  sable  grossier,  produic  par  la 
decomposition  du  granite,  qui  forme  la  base  de 
ces  m^mes  provinces,-  Cela  ne  sc  voit  que  tres- 
rarement  dans  les  Alpes ;  1^  granites  de  ces 
hautes  montagnes  ont  plus  de  soliditeJ 


L   M 


The  granite  consists  of  distindt  masses  of  cer- 
tain crystallizations,  firmly  compacted  together ; 
their  proportion  and  size  are  extremely  variable, 
as  well  as  their  colour.  In  the  finer  granites, 
the  quartz  is  transparent,  in  others  generally 
white  or  grey,  violet,  or  brown  ;  the  felt  spar 
white,  yellow,  red,  green,  or  black.  It  is  ge- 
nerally the  most  copious  ingredient.  The  mica 
is  also  grey,  brown,  yellow,  green,  red,  violet, 
or  black,  and  is  commonly  least  copious.  The 
schoerl  is  generally  black,  and  abounds  in  the 
granites  that  contain  it.  Hence  the  colour  of 
the  granite  chiefly  depends  on  the  felt  spar  or 
schoerl.    The  red  granites  consist  commonly 

of 
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of  white  quartz,  red  felt  spar,  and  grey  mica  : 
The  grey,  of  white  quai4Z,  grey  or  violet  felt 
spar,  and  black  mica.  The  black  comaionly 
contains  schocrl  instead  of  felt  spw  ;  the  greeo, 
greenish  quartz*  If  granite  be  exposed  to  a 
blow-pipe,  its  di^erent  concretions  separate 
from  Mch  other.  * 

As  to  the  stalaSlitay  which  arc  found  sus- 
pended from  vaults  and  caverns,  they  are  formed 
by  the  oozing  of  water  which  is  charged  with 
calcareous  particles,  and  which  gradually  eva- 
porating, leaves  the  particles  behind.  But,  this 
deposition  can  scarcely  be  called  a  crystalli- 
zation, as  the  calcareous  panicles  do  not  appear 
to  have  been  dissolved,  nor  even  very  mi- 
nutely divided,  though  this  sometimes  happens ; 
whereas  transparent  spars  appear  to  have  been 
formed  from  a  solution  in  water,  by  means  of 
the  aerial  acid.  Calcareous  incrustations  are  ge- 
nerally found  on  the  branches  and  roots  of 
trees,  and  sometimes  on  stones  of  difFcrent 
kinds,  and  consist  chiefly  of  calcareous  earth, 
mixed  with  a  small  portion  of  siliceous  and  vo- 
latile alkali,'  together  with  some  vegetable  parts. 

But,  let  us  still  enter  more  analytically  into 
the  composition  of  these  solid  substances  of 

3  nature. 
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nature.  There  exists,  as  we  have  seen,  a  class 
of  beings,  which  is  cc»iiposed  of  hard  molecules^ 
inodorous,  not  soluble  in  water,  not  malleable, 
and  not  inflammable.  These  primitive  eanhs, 
combined  among  themselves,  or  blended  with 
saline,  inflammable,  or  metallic  principles,  form 
what  is  commonly  called  earth ;  and  when  in* 
durated  into  masses,  form  what  is  commonly 
called  stone,  while  in  sm^l  quantities  ;  and  rock^ 
when  in  large  quantities.  Many  stones  are 
opaque ;  many  are  transparent.  Many  are  sup- 
posed naturally  round  in  form ;  and  many  have 
been  accidentally  rounded  by  trituration  in  the 
waters  :  for,  thus,  though  pieces  of  rocks  and 
of  other  stones,  as  you  will  observe  in  beds  of 
rivers,  have  been  rounded  by  trituration  in  a 
fluid,  it  yet  has  been  supposed  that  many,  such 
as  chalcedonies,  agates,  and  flints,  may  have  been 
originally  round  in  their  cxternarformation. 

The  mineral  kingdom  has  been  usually  divi- 
ded into  four  classes  :  earths  and  stones ,  salts^ 
inflammable  substances,  and  metallic  substances* 
Of  the  simple  earths  wc  have  already  spoken  iil 
a  general  way.  Their  peculiar  charaftcrs  are :  cal* 
careous,  when  perfeftly  pure  and  firec  from  all 
combination,  constitutes  lime.  It  has  a  hot, 
burning  taste,  adts  powerfully  on  animal  sub^ 

stances^ 
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Stances,  and  when  in  lumps,  heats  with  a  mode* 
rate  quantity  cf  water.  In  the  temperature  of 
60  degrees,  it  requires  about  six  hundred  and 
eighty  times  its  weight  of  water  to  dissolve  it ; 
its  taste  is  then  pungent,  urinous,  ^t  sweetish. 
It  is  combinable  with  all  acids,  and  in  particu- 
lar,  easily  soluble  in  the  nitrous  or  marine,  but 
with  difficulty  crystallizes  with  them,  as  it  forms 
deliquescent  salts,  and  is,  in  great  measure,  pre- 
eipitabie  from  them  by  the  vitriolic,  to  which 
it  preferably  unites,  formiqg  gypsum  orselenites. 
When  in  vessels,  on  which  it  cannot  aft,  it  is 
infusible  per  stj  that  is  singly,  in  a  heat  that 
would  melt  iron.  Ponderous  earthy  or  barytes^ 
when  pure,  is  also  in  a  state  of  lime,  which  it 
perfectly  resembles  in  taste ;  but  it  requires  nine 
hundred  times  its  weight  of  water  to  dissolve  it, 
in  the  temperature  of  60  degrees.  It  is  com* 
binable  with  acids.  It  decomposes  tartar  vi- 
triolate,  an  eSed  which  no  other  earth  can 
produce*  And  it  is  precipitable  from  the  ni- 
trous and  marine  acids,  by  the  Prussian  ailoali,  a 
property  which  also  distinguishes  it  from  all 
other  earths.  In  the  dry  way,  it  ads^  and  is 
adted  upon  nearly  as  calcareous  earth.  Mdg^ 
nesia,  or  muriatic  earth,  requires  about  seven 
thousand  siic  hundred  and  ninety-two  times  its 
weight  of  water,  to  dissolve  it  in  the  oommoii 
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f emperature  of  the  air.     It  is  combii^ble  with 
acids.     Exposed  to  the  stcongest  heat,  it  will 
neither  burn  to  lime,  nor  melt  per  se ;  but  loses 
much  of  its  weight,  partly  by  evaporation,  and 
partly  by  the  loss  of  a  certain  proportion  of 
water,  which  it   naturally  retains.    Argillaceous 
garth,  or  earth  of  alum,  is  exceedingly  diffusible, 
but  scarcely  more  soluble  in  water  than  pure 
magnesia.     It  is  combinable  with  acids.    The 
strongest  heatl>arely  hardens  it,  but,  does  not 
give  it  the  qualities  of  lime,  nor  melt  it,  while 
single,  or  acompanied  only  with  magnesia,  or 
siliceous  earth ;  but  mixed  with  calcareous,  it 
runs  into  fusion  very  readily.      Siliceous  earth  is 
less  soluble  in  water,  than  any  other;  yet,  in  the 
common  temperature  of  the  atmosphere,  ten 
thousand  parts  of  water  may  containpne  of  thif 
earth ;  and  in  very  high  degrees  of  heat,  much 
exceeding  that  at  which  water  usually  boils,  it 
seems  soluble  in  a  much  greater  proportion.    It 
combines  with  no  acid  hitherto  known,  except 
the  sparry,  which,  either  in  a  liquid  or  an  aerial 
state,  but  particularly  in  the  latter,  is  capable  of 
holding  much  of  it  in  solution.     It  is  infusible 
per  se^  in  the  strongest  heat ;  neither  do  argilla- 
ceous, or  magnesian  earths,  promote  its  fusion ; 
the  efieft  of  calcareous  earth  is  somewhat  more 
doubtful.^ 

The 
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The  caJcareous^  ponderous,  magnesian,  and 
argillaceous  earths^  being  combinable  with  all 
acids^  may  be  properly  called  absorbent  earths,  in 
comradiftion  to  the  siliceous,  which  unites  only 
to  the  sparry  acid..     Of  these  earths,  however, 
are  composed  the  following  stones  :  The  choke- 
iowfy  in  one  hundred  parts,  has  eighty- four  parts 
of  siliceous  earth,  and  sixteen  parts  of  argilla- 
ceous earth.     The  opal  has  a  direQ:  affinity  with 
the  chalcedonies ;  and  the  oculus  mundij  which 
has  the  property  of  becoming  transparent  in 
water,  is  nothing  but  an  opaque,  decomposed 
opale.  *    Jaspn  is  siliceous  earth,  blended  with 
one-third  of  its  weight  of  argillaceous  earth,  and 
one-sixth  of  its  weight  of  the  calx  of  iron ;  it 
hardens  in  the  fire  without  melting,  -f-     Petro^ 
sileXf  or  chert,  is  siliceous  earth,  intimately  mixed 
with  from  one-fourth  to  one- third  of  its  weight 
of  argill,  and  one-fifteenth  to  one-twelfth  of  its 
weight  of  calcareous.  J    Silex^  or  common  flint, 
IS  siliceous  earth,  intimately  mixed  and  partly 
combined  with  argillaceous  and  calcareous  earths. 
In  one  hundred  parrs  eighty  are  siliceous,  eighteen 
argillaceous,  and  two  calcareous.  §     Flints,  are 
infusible  per  se,  in  the  strongest  fire,  but  gene- 
rally become  white  and  brittle  by  reiterated  cal- 
cination, which  seems  to  indicate  that  they  all 
contain  a  litde  water.    The  petro-silex  differs 

but 
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but  little  from  flint  in  external  appearance,  only 
it  is  duller  and  less  transparent.  It  runs  in 
veins  through  rocksf  and  hence  its  name.  It 
whitens,  and  decrepitates  like  silex ;  but  is  ge- 
nerally more  fusible,  for   it   commonly  melts 

^art^  is  various  in  its  colour,  figure,  and 
texture.  That  of  the  colour  of  water,  is  called 
rock  crystal.  When  crystallized  jn  hexagonal 
pyramids,  it  is  called  mountain  crystal ;  when 
in  other  forms,  amorphous.  The  stones  of  this 
species  are,  in  general,  the  purest  of  the  sili- 
ceous genus,  though  most  of  them  contain  a 
-slight  mixture  of  other  earths.  The  purest  and 
most  transparent  of  these  crystals  form  the  false 
diamond,  called  Bristol,  or  Kerry-stone,  diamond 
d^Alencjon,  &g.  In  one  hundred  parts,  ninety- 
three  are  siliceous,  six  argillaceous,  and  one 
calcareous,  -f  Arute  is  a  substance  analogous  to 
quartz,  with  this  difference,  that  its  molecules, 
'  ar§  less  pure,  and  less  homogene.  It  is  a  fine 
fli;it,  mixed  with  various  proportions  of  other 
earths,  and  iron.  Of  this  substance  there  are 
great  varieties.  It  is  mostly  found  in  small 
pieces  covered  with  a  crust,  and  often  running 
in  veins  through  rocks,  as  petro-silex.     Agates 
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that  preiettt  arborisations,  are  called  mochoe& 
Fdt  spar  is  a  tilioeous  and  argillaceous  earthy 
mixed  with  m^^esia,  an<^terra  ponderosa.  It 
is  of  various  colours.  It  has  almost  always  a  la- 
mellar texture.    It  is  sometimes  of  an  uode- 

• 

termined  form.  It  is  generally  found  ciystal- 
lized.  It  is  harder  than  fluors,  but  not  so  hard 
as  quartz.  In  one  hundred  parts  of  the  white, 
sixty- seven  are  siliceous,  fourteen  argillaceous, 
eleven  ponderous,  and  eight  magnesia.  It  melts 
per  se^  more  quickly  and  perfectly  than  fiuors, 
into  a  whitish  glass.  Felt  spar  is  undoubtedly 
the  stone,  the  Saxons  use  in  their  porcelain  ma* 
nufaAones.  *  Jade  is  a  siliceous  earth,  blended 
with  ma^esta.  It  is  found  in  scattered  masses 
like  pebbles,  semi-transparent,  of  a  greasy  look, 
and  exceeding  hard.  It  is  scarcely  soluble  in 
adds,  at  least  without  particular  management, 
and  is  infusible  in  fire«  -f  Lapis  lazuli  is  a  si- 
liceous earth,  intimately  mixed  with  blue  martial 
fluor,  and  a  small  proportion  of  gypsum.  The 
colour  of  this  stone  is  a  beautiful  opaque  blue, 
and  is  generally  sprinkled  with  yellow,  bright  py* 
ritaceous  specks  or  streaks.  In  a  strong  fire  it 
melts  per  se  into  a  whitish  glass.  ;|;  Zeolite,  in  ooc 
hundred  parts,  has  fifty  c^  siliceous  earth,  twenty 
of  argiUaceous,  and  twenty-two  of  water,  §  and 

It 
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It  is  called  so^  on  suxoupt  of  its  forming  a  jelly 
with  acids. 

Garnet^  when  not  overloaded  with  iron,  is 
transparent ;  though,  from  the  intensity  of  itsco- 
lour^  which  is  a  blueish  or  yellowish  red,  its  tran- 
sparency is  often  obscure.    It  is  generally  crys* 
tallized  in  polygon  forms,  but  |t  is  frequjent- 
ly  amorphous.     Its  texture   is   granular.    In 
one  hundred  parts,  forty-eight,  are  siliceous^ 
thirty    aigillaceous,    twelve    calcareous,    and 
ten  parts  iron.*      It  is  often  found  in  small 
grains,  embodied  in  stones  of  ^e  commonest 
kind.       Schoerly    in  one    hundred    p^xts,  has 
forty  -  eight  siliceous,    forty  argillaceous,  five 
calcareous,  one  magnesia,  and  one  iron.-f^  ^our* 
tnaline  of  Ceylon,  in  one  hundred  parts,  has  thirty- 
nine  arenaceous,  thirty-seven  siliceous,  fifteen 
calcareous,  and  nine  iron.;{;      Rubyy  which  is 
commonly  found  crystallized  in  an  odbohedral, 
is  in  texture  foliated,  ^d  of'  extreme  hardness. 
In  fire,  it  is  invitriable  fer  se,  and  dpes  not  yield 
.evien  to  the  focal  rays  of  a  burning  glass :  but,  a 
flame  excited  by  dephlogisticated  air»  direded 
by  a  blow  pipe,  readily  melts  it.    It  dpes  not 
lose  its  colour  in  a  heat  that  would  melt  iron.§ 
In  qne  hundred  parts,  forty  ^re  argillaceous^ 

F  f  2  thirty- 
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nine  siliceous,   nine  calcareous,   and  ten  iron. 
Hyacinth  is  of  a  reddish  yellow  colour,  generally 
crystallized  in  a  prismatic  form.      In  one  hun- 
dred parts,  forty   are  argillaceous,   twenty-five 
siliceous,    twenty  calcareous,   and    thirteen  of 
iron.*    -  Topaz  is  of  a  gold  colour,   its  texture 
foliaceous.     In  one  hundred  parts,  forty-six  arc 
argillaceous,  thirty-nine  siliceous,  eight   calca- 
reous, and  six  iron.'f     Sapphire  is  blue,  its  tex- 
ture foliaceous.      In  one   hundred  parts,  fifty- 
eight  are  siliceous,  thirty-five  argillaceous,  five 
calcareous,  and  two  iron.  J  Emerald  is  sometimes 
found  in  round  flat  pieces,  but  mostly  crystal- 
lized in  hexagonal  prisms.      In  one  hundred 
parts,  sixty  are    argillaceous,  twenty-four  sili- 
ceous, eight  calcareous,  and  six  iron.  ChrysoUte^ 
or  beryly  is  of  a  light  yellowish  green ;  melts 
per  se;  and  is  softer  than  crystal.      Aquamarine 
is  of  a  blueish  green.§ 

Diamond  is  generally  crystallized  in  odohe- 
dral  crystals,  but  is  sometimes  found  in  round 
masses  :  its  texture  is  lamellar.  In  a  heat  some- 
what greater  than  that  in  which  silver  melts, 
diamond  is  entirely  volatilized  and  consumed  ; 
it  even  produces  a  slight  flame,  and  diminishes 
*  common  air,  just  as  phlogistic  substances  do,  and 

leaves 
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leaves  a  spot^  so  that  the  extraordinary  conjec- 
ture of  Sir  Isaac  Newton,  of  its  being  an  inflam- . 

mable  substance  coagulated,  is  fully  confirmed. 

■f 

The  diamond  cannot  be  arranged  under  any  of 
the  classes  of  earths,  as  it  contains   no  earth- 
Its  constituent  principles  are  not  known.*  SlatCy , 
schistus  durus,  has,  in  one  hundred  parts,  forty- 
six  siliceous,  twenty-six  argillaceous,  eight  mag- 
nesia, four  calcareous,  and  fourteen  iron.  There, 
are  many  varieties.     It  is  very  brittle,  and  of  a 
lamellar  texture.     Pyritaceous  schistus^  schistus. 
aluminaris  of  IValleriuSj  is  an  argillaceous  earth 
mixed  with  a  siliceous  earth,  and  pyrit£,  a  little 
calcareous  earth,   and  -magnesia.       Bituminous 
schistuSy  is  an  argill  mixed  with  silex,  and  a  certain 
proportion  of  mineral  oil  or  bitumen. -f-  Mica  has 
in  one   hundred    parts,  thirty-eight    siliceous, 
twenty-eight  argillaceous,  twenty  magnesia,  and 
fourteen  of  the  white  calx  of  iron.     This  sub- 
stance   is   white,  yellow,   green,  red,   brown, 
black,  and  lamellar  or  scaly ;  and  the  lamellae,  or 
scales,  are  slightly  flexible,  and  often  elastic. 
Thj^se  scales  are  sometin^es  parallel  to  each  other, 
sometimes  interwoven,  sometimes  wavy  or  un- 
dulated, and  sometimes  they  represent  filaments. 
It  is  of  no  determined  shape,  and  is  crystallized. 
Steatites  has,  in  one  hundred  parrs,  eighty  sili- 

F  f  3  ceous 

*  Kirwan.  f  Bergman. 
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ceous,  seventeen  magnesia,  two  Argillaceous,  and 
nearly  one  of  iron,  in  a  semi-phlogisticated  state.^ 
Soap  rocky  or  lapis  olaris,  is  of  a  yellow  colour^ 
and  sometimes  whitish,  but  rarely  blaclc  It  is 
somewhat  harder  than  steatites,  and  probably  the 
portion  of  argill  is  somewhat  greater ;  but,  in 
other  respe&s  it  pcrfeftly  resembles  it.  The 
black  contains  a  mineral  oiL-f  Serpentine ,  lapis 
nephriticus,  in  one  hundred  parts,  has  forty-one 
siliceous,  thirty-three  magnesia,  ten  argiHaceous, 
twelve  water,  and  three  of  iron.  |  In  colour,  and 
composition,  it  is  variable.  Its  texture  is  either 
indistinct,  obscurely  laminar,  or  fibrous.  It  is 
harder  than  soap  rock.  Fibrous  asbestos^  alumen 
plumosum,  is  mild  magnesia,  combined  with 
silex,  calcareous  earth,  and  a  small  proportion 
t>f  argill,  and  iron.  ||  It  is  generally  of  a  green 
colour,  and  consists  of  filaments,  either  paralld 
to,  or  interwoven  with  each  other.  Amianthus^ 
tesembles  the  fibrous  asbestos.  It  is  composed 
of  long  parallel  fibres,  flexible,  and  soft  to  the 
touch,  in  one  hundred  parts,  it  has  sixtf- 
four  of  silex,  eighteen  of  magnesia,  seven  of 
calcareous  earth,  six  of  baryta,  three  of  ^- 
gill,  and  two  of  iron.  §  Limestone  is  some* 
times  of  a  lamellar,  and  sometimes  of  a  gra- 
nular 
7*^  Bejr]ginan»      f  Kirwan.        |  Bayen.       ||  Bergman. 
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nubr  textore.  Its  colour  is  various.  It  is  cal- 
careous, but  contuns  some  small  proportions  of 
ifgUl,  quartz,  and  iron.  The  aerial  acid  b  in 
greater  quantities  than  in  spars.  Marble  is  a 
calcareous  substance  of  variety  of  colours.— 
That  of  Carara  is  the  purest  we  are  acquainted 
with ;  it  is  of  a  granular  texture,  and  sparkling 
in  its  fradnre  like  sugaV.  •  Gypsum,  alabaster, 
selenites,  have  each  a  calcareous  base.  They  are 
of  various  colours,  and  are  in  texture  lamellar, 
grtoular,  or  fibrous.  Gypsum,  ih  one  hundred 
parts,  has  forty-six  of  vitriolic  add,  thirty-two 
calcareous,  and  twenty-two  of  water.  +  Fan- 
ierous  spar,  is  a  terra  ponderosa,  combined  wiA 
the  aerial  atid,  and  aerated  baroselenites.  It  is 
compaa  or  lamellar,  undetermmed  in  figure,  or 
crystallized.  Baroselenites  is  of  a  white,  grey, 
or  ycHowish  white  colour,  and  some  reddish  j 
sometimes  Uot  harder  than  chalk,  but  niostly 
very  compadt,  and  of  a  stony  hardness.  Its 
texture  is  lamellar  or  fibrous ;  its  shape  various. 
It  decrepitates  in  fife,  but  does  not  bum  to  plas- 
ter of  Paris, »  gypsum  docs.  It  oft^  forms  the 
«ony  maner  of  petrifeaion.  In  one  hundred 
parts,  are  eightyrfoor  of  earth,  thirteen  of  the 
most  concentntted  acid,  and  three  of  water,  t  He- 
piOfic  stone,  or  lebentein  of  the  Germansj,  has,  in 

If  4  «°« 
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one  hundred  parts,  thirty-three  baroselenitesj 
thirty  -  three  silex,  twenty  -  two  alum,  seven 
gypsum,  and  five  petroleum.  The  texture  of 
this  stoae  is  always  scaly.  *  Sands  are  composed 
of  hard,  disunited  particles,  which  appear  to 
have  originally  appertained  to  stones  or  nxrks. 
They  arc  found  of  various  sizes,  sometimes  al- 
most impalpable.  Porphyry  has  a  compadt,  si- 
liceous ground,  generally  jasper,  chert,  schoerl 
or  lava ;  and  contains  either  felt  spar,  quartz, 
mica,  serpentine,  or  other  species  of  stone^  in  a 
crystalline  form.  § 

0 

And  here,  1  think,  are  specimens  enough  of 
the  composition  of  stones.  As  I  have  said  be- 
fore, however,  when  in  a  small  volume,  they 
are  called  stones ;  and  when  in  a  large  volume, 
they  are  called  rocks ;  and  these  rocks,  again, 
arc  divided  into  two  classes :  primitive^  or  those 
which  appear  to  have  been  formed  of  substances, 
which  were  all  in  a  state  of  fluidity  at  the  same 
moment,  and  which  are  called  granite;  secon- 
dary,  or  those  formed  of  fragments,  and  ce* 
mented  by  a  lapidific  gluten,  and  which  are 
called  breccias,  as  well  as  those  formed  of  sands, 
and  cemented  by  a  similar  gluten,  which  are 
called  grity  firee-stone,  or  sand-stone.  Of  the  pri- 

^  mitive 

^  Bei^gmaq.  §  D^  Saussure. 
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mitivc  rocks,  as  they  arc  not  found  to  contain 
either  animal,  or  vegetable  remains,  it  has  been 
conjcftured,  their  crystallization  took  place,  an- 
terior to  organized  nature.  Pallas  looks  upon 
them  as  the  principle  ingredient  in  the  strudture 
of  the  globe  ;  and  the  fad  is  undeniable,  that 

-they  have  been  found  at  the  most  profound 
depths,  the  industry  of  man  has  been  able  to 
fathom,   as  well  as  to  be  the  most   elevated 

^  parts  of  the  highest  mountains  of  the  earth. 
But  of  this,  more  in  the  sequel. 


LET- 
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It  wjis  long  held  as  an  established  ddArme, 
that  as  all  colours,  concentrated  ^nd  blended 
into  one,  would  yield  the  pure  effulgence  which 
the  sun  darts  upon  the  universe,  so  would  all 
minerals  and  metals  brought  into  a  mass,  pro-* 
duce  the  first  parent  of  them  all.  Mercury. 
But  this  at  length,  as  if  by  general  consent, 
has  been  exploded;  and  among  a  variety  of 
other  reasons,  from  th  j  paucity  of  the  instances 
where,  in  any  mine,  excepting  its  own,    the 
living  Mercury  is  to  be  traced.     To  feign  the 
elementary  me];curial  principle,  as  the  basis  of 
metals,  was  indeed  chimerical.     It  is    much 
more    reasonable  to  suppose,  that  all  metals 
and  minerals  are  but    different  modifications 
of  earths.     For  why  should  that  be  supposed 
in  all  metals,^  which  cannot  be  extrafted  from 
any  of  them,  and  is  producible  only  from  the 
fed   ponderous   earth    of  cinnabar?     Nature 
does  not  present  us  with  a  multitude  of  princi- 
pies,  but  with  an  endless  variety,  arising  from  the 
different  combinations  of  a  few.    The  arbitrary 

-    ideas^ 
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ideas,  however,  relative  to  Mercury,  are  no# 
no  longer  heard  of.  Philosophers  now  know, 
that,  in  its  common  state;  it  is  to  be  con- 
sidered as  a  metal  in  fusion^  (for  Pallas  say^, 
it  has  been  several  times  congealed  in  Siberia, 
by  the  natural  cold)  and  since  in  its  solid  state; 
it  is  nearly  as  malleable  as  lead,  it  by  no  means 
ought  to  be  ranked  Ui  any  other  class,  th^ 
that  of  a  distinft,  and  perfed  metal. 

Minerals,  in  their  stri&est  signification,  de- 
note only  such  substances,  as  ate  fouhd  in 
fnines,  such  as  metals,  semi-metals,  ^Iphur,  and 
salts;  but  in  a  more  extensive  sense,  they  de- 
note all  fossils,  that  do  not  belong  either  to  the 
vegetable  of  animal  kingdoms;  and  conse- 
quently, stones  and  earths,  all  of  Which  arii 
comprehended  under  the  denomination  of  the 
mineral  kingdom.  The  knowledge  of  thi 
formation  of  minerals,  is  still  a  desideratum  irt 
philosophy.  Some  men  have  conceived,  that 
they  take  their  origin  from  an  eager  and  acid 
l^apoUrjOt  frdm  a  Vitriol  and  a  nitre  strongly  fer- 
faiehted,  ^hd  blended  with  a  salt  andasubtili 
earth ;  ind  that  the  more  the  earth  i^  subtilized; 
the  purer  is  the  produftiofi.  But  this  is  fat 
from  being  ascettainfed.  MetdU,  says  Bergman; 
never  occxir  In  &  perfeftly  pure  state.    Gold  i* 

I  con- 
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contaminated  more  or  less  with  silver,  copper 
or  iron;  silver  with  copper  and  arsenic;  copper 
with  iron ;  nickel  with  cobalt,  and  so  on.  It  is 
highly  probable,  continues  he,  that  all  the 
metals  are  only  different  acids,  coagulated  by 
a  large  quantity  of  phlogiston,  although  the 
connexion  of  those  principles  is  so  close,  that 
we  are  hitherto  ignorant  of  the  means  of  sepa- 
rating them.  Metallic  calces  always  contain 
mbre  or  less  phlc^ston,  and  most  of  them 
serial  acid.  But,  Bergman  is  said  here  to  have 
been  mistaken.  For  of  the  metals,  and  semi- 
metals,  gold,  silver,  copper,  mercury,  bismuth, 
and  arsenic,  are  often  found  pure ;  iron,  rarely ; 
and  tin,  as  rarely.  The  existence  of  native  lead, 
indeed,  is  still  a  problem ;  and  the  same  may 
be  said  of  the  regulus  of  antimony,  of  zinc, 
and  of  cobalt.  But,  notwithstanding  the 
metals  are  not  all  found  in  the  virgin  state, 
it  yet  is  curious,  that  each  perfeft  met^  should 
have  a  correspondent  semi-metal,  with  which 
it  has  a  more  or  less  marked  analogy.  Thus, 
we  shall  find  that  antimony  has  an  affinity  with 
tin ;  that  zinc  has  an  affiitity  with  iron ;  that 
arsenic  has  an  affinity  with  copper ;  that  co- 
balt has  an  affinity  with  silver ;  that  bismuth 
has  an  affinity  with  lead.  And,  finally,  that  mer- 
cury has  an  affinity  with  gold,  and  in  so  intimate 
3  a  manner. 


»  » 
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a  manner,  that  it  has  not  been  found  possible 
to  separate  them.*  Is  the  white  brittle  metal, 
that  results  from  this  union,  at  any  great 
distance  from  platina  ?  -f* 

It  has  been  invariably  observed,  indeed,  that 
all  the  tnetallic  substances  which  can  in  any 
manner  be  decomposed,  are  in  their  first  princi- 
ples, formed  of  a  metallic-earth  and  phlogiston; 
a  remarkable  resemblance  even  has  been  sup 
posed  between  metals  and  charcoal,  both  hav- 
ing an  intimate  union  of  phlogiston,  with  an 
•earthy  base ;  and  this  has  induced  the  gene- 
rality of  chymists  to  think,   that  the  perfe<5t  ' 

•  metals  are  also  composed  of  the  like  materials, 
so  well  combined,  that  the  utmost  efforts  'of 
art  are  not  able  to  separate  them.  This,  how- 
ever, is  not  altogether  satisfadlory;  for  no  such 
thing  could  ever  be  produced,  as  the  calces  of 

'any  of  the  peifedl  metals,  except  when  they 
were  mixed  in  a  small  quantity,  with  certain 
extraneous  substances,  such  as  glass,  &c.J  Nor 

*  is  it  every  kind  of  earth,  which  combined  with 
a  certain  quantity  of  phlogiston,  can  form  a 
metal  j  nor  can  the  calx  of  one  metal,  by  any 
one  known  method,  be  made  to  form  another 

metal. 

»  Brandt,     f  Rome  dc  Tlsle.    J  Cavalio. 
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metal.  The  calx  of  iron  can  form  nothing 
but  iron ;  the  calx  of  lead,  will  make  only  lead, 
and  so  of  the  rest.  It  may  In  truth  be  possible 
in  nature,  to  make  a  metal  out  of  something 
else  besides  a  metallic  earth.  But,  that  which 
is  most  remarkable  relative  to  metak  is,  that 
while  in  a  state  of  dissolving,  if  they  are  kq>t 
undisturbed,  they  turn  out  a  perfect  metallic 
fluid ;  but,  if  on  the  contrary,  they  are  shook 
somewhat  too  rudely,  they  resolve  into  a  totally 
difierent  substance. 

All  the  metals,  excepting  platina  and  gpld, 
are  dissolvable  by  aqua  fortis.  The  quantity 
of  air  discharged  from  metals,  is  supposed  to 
be  the  cement  or  principle,  which  unites  all  the 
parts  together  in  a  native  state.  The  fumes 
that  arise  from  them  during  their  dissolution, 
are  deadly  posion ;  and  when  condensed,  have 
every  appearance  of  arsenic.  These  properties, 
that  is,  their  proneness  to  give  way  and  sepa- 
rate, by  the  agency  of  one  universal  mqnstruum ; 
their  abundance  of  air,  for  much  even  is  to 
be  extradied  from  gold;  together  with  the 
mephitic  vapour  which  they  send  off,  prove 
to  the  conviftion  of  many  philosophers,  that 
jthey  must  be  necessarily  homogeneous.  This, 
however,  is  as  little  ascertained  as  their  forma- 
tion. 
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jtioo.  The  only  thing  which  iippears  to  be 
certain  i^,  that  they  ar^  by  po  me^fls  priniary 
produ6tiops  qf  Naturp,  but  that  they  takp  theif 
form  in  the  gradual  succession  of  time ;  and 
that  fissures  and  caverns  of  rocks  are  the  labor* 
atories,  where  ^  such  operations  lire  c^ri\cd  on. 
It  i9  an  universal^  and  an  invariably  tr^e 
observation,  that  minerals  ar^  mo$t  gpn^ally 
.contained  in  the  fissures  of  lime-stone  strata, 
(although  granite  sometin^cs,  as  ux  Scotland^ 
presents  them)  and  betwf  ex}  thek  lanvuias,  anfl 
not  in  the  solid  substance  of  thp  stone;  |t  is 
not,  however,  equally  true,  that  mine;  and  mi- 
neral fissui^es,  are  only  to  be  £bund  in  mountaii^s 
and  hilly  countries :  they  are  often  found  in  the 
beds  of  rivers,  and  in  veins  upon  the  shcMr^s  of 
the  ocean,  where  the  ocean  is  the  boundary  qf 
extensive  plains.  This  situation,  indeed,  is 
not  so  favourable  for  discovery,  the  superficies 
of  the  strata  of  plains  being  commonly  covered 
by  earth,  sand,  clay  and  gravel. 

We  are  intirely  ignorant,  as  I  h^ve  ah^eady 
aaid,  of  the  essential  principles  of  met^.  We 
do  not  know,  whether  each  metal  hath  an  appro- 
[mate  earth,  or  whether  the  same  earth,  jdjfiereqit- 
ly  modified,  be  employed  in  all.  In  general,  n^t 
CwUy  minerals  of  all  kinds,  but  sulphurs,  salts, 

and 
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and  even  stones,  have  been  said  to  have  been 
the  prodtice  of  certain  acid,  aqueous,  phlogistic 
and  earthy  combinations ;  and  hence,  they  have 
been  glassed  as  salts,  stones,  sulphurs,  or  in- 
flammable substances,  and  metals  or  metallic 
substances.  The  epithet  salt,  has  been  con- 
fined to  certain  bodies,  soluble  in  water,  and 
endued  with  a  savor,  more  or  less  pungent. 
Stones  have  been  looked  upon  as  substances, 
insoluble  in  Water,  and  generally  infusible  by 
themselves;  metals  and  minerals,  as  specifi- 
cally heavier  than  stones,  and  requiring  only  a 
certain  degree  of  heat  to  put  them  in  fusion. 
But  these  classifications  are  by  no  means  ri- 
gidly exaft,  for  there  are  sahs,  which  are  indisso- 
luble in  water  ;  while  there  are  stones,  such  as 
the  gypsum,  which  are  soluble  in  water  -,  and  a 
cry;stalization,  a  shoerl,  which,  as  a  metal,  is  ca- 
pable of  fusion  by  heat.* 

The  most  specific  charafter  of  the  mineral 
kingdom  is  crystalization,  though  it  has  formally 
been  denied  by  some  of  the  niost  able  mineralo- 
gists. In  the  animal,  and  vegetable  kingdoms* 
the  species  are  endued  with  organs  essential  to 
•  their  developement  by  intussusception,  and  these 
organs  are  contained  in  the  germ  of  each  indi- 
vidual. 

*  Rome  de  Tlsle. 
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vidual.  On  the  contrary,  fii  the  mineral  king- 
dom, salts,  stones,  inflammable  substances,  and 
minerals,  have  nothing  which  can  warrant  the 
supposition  of  germs,  or  of  any  internal  organi- 
zation. The  whole  of  this  kingdom  results 
from  the  attraction  and  combination  of  ele^ 
mental^  molecules,  whose  tendency  to  union 
increases  as  the  molecules  are  found  more 
simple,  and  more  attenuated.  Nor,  though 
foreign  molecules  may  sometimes  find  their  way 
into  the  general  substance  of  any  one  particu- 
lar, are  we  to  suppfOse  a  general,  or  even  a  very  • 
frequent  confusion.  Some  are  undoubtedly 
found  mijed,  but  a  perfeft  homogeneity  is  the 
usual  charadteristic.  The  properties  of  any  one* 
homogeneous  substance,  are  never  altered  by 
the  presence  of 'any  other  orystaline  substance. 
Each  preserves  its  character  distinft.  I  mean 
here,  such  as  have  relation.to  exterior  form,  to 
relative  or  specific  weight^to  hardness,  and  to 
transparency  or  opacity ;  for  instance,  the  rock 
cr}^stal :  this  fossil  often  contains  metals,  and 
other  bodies ;  silver,  copper,  mica,  shoerl, 
amianthus,  felt-spar,  marcasites,  &c.  It  is 
found  in  all  parts  of  the  earth,  and  yet  in  no 
part  is  it  found  different  from  another,  or  un- 
accompanied by  its  determined  and  appropri- 
ate angles.  . 
VOL.  i«                      G  g  This 
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This  ele£tive  at^dion  manifests  itself,  from 
the  simplp  geode,  to  the  enormous  granite  mas* 
ses  which  f^rm  the  most  stupendous  moim- 
twis  of  the  earth.     Each  has»  first,  a  particular 
crystalization,  ^ith  certain  determined  angles. 
Secondly,  a  specific  gravity.    Thirdly,  a  speci- 
fic degree  of  uiduration.     Thus,  we  are  not  to 
stop  at  the  mere  crystaline  formation,  for  that 
is  general )  though  it  is  at  the  same  time  de- 
monstrable,  that  each  species  has  an  in^Nuiable 
geometrical   arrangement    of  its  parts :    and 
F  hence,  we  may  safely  condade,  that  the  mine- 
ral kingdom,  that  assemblage  of  brute,  inor- 
ganic  bodies,    unprovided   with   the   intcmat 
configuration  necessary  to  life,  to  growth,  and 
to  reprodudion,  has  yet  distind  families  and 
species,  as  clearly  -discriminated,  and  as  uni- 
formerly  continued  by  the  invariable  laws  of 
combination,  as  animals  and  vegetables  are  by 
the  invariable  laws^of  fecundation.     In  this, 
indeed,  as  in  the  other  kingdoms  of  nature,  there 
are  frequently  deviations,  that  is,  there  is  dis- 
tind  and  positive  crystalization,  indeterminate 
crystalization,  and  confused  crystalization.* 

The  ancients  looked  upon  rock  crystal  as  a 

congealed  water,  which  by  length  of  time,  had 

become 
'     *    ♦  Romi  de  PWe. 
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becoihe  more  indurated  than  ordinary  ice; 
Pliny  says  this  in  express  terms,  and  th^t  it 
was  found  no  where  but  in  those  regions 
where  snow  and  winter  take  up  their  eternal 
abode,  as  in  the  caverns  in  the  Alps,  or  other 
lofty  mountains.  That  crystal  is  generally 
found  in  high  mountains,  is  certain,  and  th^ 
reason,  is  clear, .  because  the  most  elevated 
moxmtains  are  granite,  one  of  the  chief  ingre* 
dients  of  which,  is  rock  crystal^  or  quartz.  Cer- 
tain modern  chymists^  have  in  some  degree  also, 
adopted  the  same  idea,  particularly  those  who 
have  admitted  thttramtnutationof  water itUo  earths 
Morveau  has  even  been  led  to  conjeAure,  that 
from  its  intire  evaporation  by  heat,  the  dia^ 
mond,  the  hardest  crystal  in  nature,  can  be 
nothing  but  pure  coagulated  water.  The  phse* 
nomena  of  crystalization^  ^e  in  truth,  wonder 
ful.  Lapides  crescunt ;  vegptabilia  crescunt,  & 
vivunt;  animalia  crescunt,  vivunt,  &  sen- 
tiunt.  * 

Crystalization  takes  place,  and  can  only  do 
so,  when  the  molecules  are  m  a  state  of  liqui- 
faftionj  and  are  separated  one  from  the  other  by 
the  inteiposition  of  a  fluid,  such  as  the  fluid 
of  water,  of  fire,  of  mercury,  aeriform  fluids, 

G  g  2  and 
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and  in  short,  all  fluids  capable  of  holding  the 
crystaline  matter  in  suspension.  By  evaporaf- 
ing,  by  cooling,  or  by  substrading  from  the 
fluid,  the  molecules  approach  towards  each 
other,  come  into  contaft,  and  at  length  firmly 
unite.  The  presence  of  air,  together.with  the 
agency  of  heat  or  of  cold,  are  those  commonly 
necessary  to  crystalization.  But,  towards 
ascertaining  the  legitimacy  of  a  crystaline 
substance,  it  is  not  essential  that  it  should 
have  decided  points,  and  be  angularly  arranged. 
Agates,  chalcedonies  and  flints,  are  all  of  a  cry- 
staline substance :  the  spherical,  or  globular 
masses  called  geodes,  are  also  crystaline,  though 
they  are,  as  it  were,  externally  uncrystalized ; 
and  although  the  internal  parts  of  each  are  clear- 
ly and  evidently  marked.  Neither  is  an  abso- 
lute degree  of  exsiccation  in  any  wise  necessarj-. 
The  same  substances  have  always  the  same 
properties.  Were  it  not  so,  the  crj^stal  of  the 
East  would  be  harder  than  the  crystal  of  the 
West ;  the  gem  of  the  Equator  would  be  harder 
than  the  gem  of  the  Tropic,  Even  superior 
tenacity  and  cohesion  of  parts  do  not  give  su- 
perior gravity.  The  diamond  is  the  hardest 
of  all  stones,  and  yet  it  is  not  so  heavy  as  the 
ruby  or  saphire.  The  ponderous  spar  is  the 
heaviest  of  all  spars,  and  yet,  is  one  of  the 

most 
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most  brittle.  Gold  is  tha  densest  of  all  metals, 
and  yet  has  not  the  hardness  of  iron :  neither 
can  lead,  which  is  the  softest,  be  said  to  be  the 
lightest.  The  superior  degree  of  hardness  then, 
is  not  in  proportion  to  density,  as  was  supposed 
by  Bergman.  These  two  quahties,  as  well  as 
the  crystaline  form,  being  the  immediate  pro- 
diid  of  attraftion,  must  exist  in  crystalized 
substances,  from  the  very  moment  of  their 
combination;; and  this,  whatever  may  be  the 
situation  in  wbiih  they  ai'e  found,  and  what- 
ever  may  be  the  temperature  of  the  climate 
in  which  they  are  formed.* 

There  is  a  coiisiderable  difficulty,  it  must 
be  confessed,  in  the  arrangement  of  crystaline 
bodies ;  for  if  we  find  causes  of  uncertainty  in 
regard  to  organized  beings,  how  many  more 
must  we  find  in  regard  to  unorganized  beings. 
In  the  one,  where  specific  forms  are  determined 
by  specific  germs,  we  yet  are  often  puzzled  to 
mark  the  limits  of  each  species.  How  much 
more  so  must  this  be  the  case  in  fixing  the  limits 
of  a  kingdom,  where  the  sole  force  of  cohesion 
unites  their  elements,  whatever  be  their  nature, 
and  in  whatever  proportion,  or  by  whatever 
accident  they  have   been  assembled.     In  faft, 
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however,  the  phaenomena  of  the  salt,  the  stone, 
the  inflammable  substance,  or  the  metal,  are 
not   in  themselves  more  surprizing  than   the 
phsenomena  of  figure  and  flavor  invariably  given 
to  vegetables  and  to  fruits.     The  internal  pro- 
cess of  crystalization  is  not,  indeed,  thorqyghly 
understood.    But  is  it  more  a  mystery  than  th^ 
generation  of  animals,   or  the  vegetation  of 
plants  ?    In  reality,   we  can  .  artificially  form 
crystaline  bodies,  even,  it  is  said,  the  crystal  of 
the  rock.*  We  can  even  augmenftheir  volume. 
But  the  best  microscope  that  was  ever  formed, 
cannot  manifest  to  our  senses,  the  manner  in 
which  the  augmentation  is  accomplished.     The 
elementary,  particles  of  matter,  are  undiscover- 
able  by  us.     The  smallest  atom,  that  even  with 
the  aid  of  magnifying  glasses,  we  can    barely 
discern,  is  yet  a  compound,  and  not  a  single 
being.  Nevertheless,  it  may  be  asserted  concern- 
ing crystals,  that  they  are,  generally  speaking, 
to  be  considered  as  neutral  salts^  soluble   either 
in  water,  fire,  acids,  alkalis,  air,  or  various  other 
menstrua,  unknown  to  us,  in  nature.  As  to  their 
mechanism,  whether  brought  about  in  the  wet, 
or  in  the  dry  way,  whether  by  nature,  or  by 
art,  it  seems  universally  to  be   the  same,  the 
combination  of  an  acid,  or  some  substance  per- 
forming 
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forming  the  fundlions  of  an  acid,  with  one  or 
more  bodies,  calculated  to  saturate  and  t(j|i)|Qeu- 
tralize  the  acid  principle.  * 


There  are  seventeen  metallic  substances 
now  known,  namely,  gold,  platina,  silver,  copr 
pper,^ron,  lead,  tin,  mercury,  zinb,  regulus  of 
antimony,  regulus  of  arsenic,  bismuth,  cobalt, 
nickel,  regulus  of  manganese,  siderites,,  and  re* 
gulus  of  molybdfena.  Of  these,  gold,  silver,  pla- 
tina and  mercury,  are  reckoned  perfeft  or  noble 
metals ;  because  vAen  calcined,  they  recover 
their  phlogiston  without  the  addition  of  any 
phlogistic  substance.-j-  The  metallic  substances, 
properly  so  called,  all  agree  in  the  commob 
definition  of  metal,  which  is,  that  it  is  a  hard, 
shining  mineral  body ;'  fusible  by  heat ;  con- 
cfetable  by  oold;  malleable  pr  duftile  under 
the  hammer,   and  the  heaviest  of  all  bodies. 

Gold,  is  only  dissolvable  i^^^qua  regia.  Sil* 
ver,  discovers  more  of  a  vegetable  and  arbo- 
rescent configuration  than  any  other  metal, 
whether  in  its  native,  or  in  its  diasclved  ^ate: 
it  is  dissolvable  by  aqua  fortis.  The'  chief  dis- 
tinguishing property  of  copper,  is  in  sound,  it 
being  the  most  sonorous  of  ail  metals.  Iron   ii 

^:  ^  •  G  g  4  the 

♦  Komh  de  TIslc.    f  Krwan. 


470 


LETTER     XXX, 


the  hardest  of  all  metals ;  and  until  lately,  was 
suppiied  the  only  body  in  nature   susceptible 
of  the  magnetic  power :  it  dissolves   in  aqua 
fortis  with  a  rapidity  of  effervescence   beyond 
any  other  metal ;  and  is  corroded  by  the  acid 
in  the  air,  a^d  becomes  rusty  very  readily :  is 
rarely  ^und  pure,  but  generally  in  ore ;    and 
may  be  extrafted  by  the  loadstone  from  plants. 
Tin  is  the  lightest    of  all   metals;  not   at  all 
sonorous ;'  has  the  least  fixity   in  fire  of  any 
metal;  it   intimately  mixes  with  every  other 
metal,   and  makes  them  jftl  brittle  but  iron. 
Lead,  the  heaviest  of  all  metals  excepting  pla- 
tina,  goj^  and  mercury,    is  the  softeigt  of  all 
metals,  has  the  least  elasticity,  and  is  the  least 
fixed  in  fire.     Mercurjs  when  in  a  solid  body, 
is  as  hard  as  lead,  whiter  than  tin,  and  is  both 
dudtile  ^nd  malleable.  Brass,  steel,  pewter,  &c. 
are  compounds.     But  the  metal  superior  to  all, 
is  the  platina,  which  is  heavier  than  gold  itself. 

Metallic  substances  have  an  absolute  opacity. 
Stones  have  some  sort .  of  transparency ;  but 
the  smaSest  bit  ofnietalis  to  the  full  as  opaque 
as  the  largest.  Henf  fe  they  are  so  eligible  to 
tlie  refledfcion  of  the  rays  of-the  sun.  And  it 
is  from  the  want  of  this  opacity,  that  quick- 
silver is  so  useful  in  giving  glass  the  power  of 
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refkfting  images.  White  metallic  substances 
refleft  the  rays,  and  are  more  brilliant  than 
those  that  are  coloured.  Metals  have  a  specific 
weight  greater  than  other  minerals.  They  have 
a  property  from  duftility  of  extension.  Thus 
lead  and  tin  can  be  beat  out ;  gold,  copper,  *  V. 
and  iron  can  be  drj|wn  out.*  Chy mists,  call 
those  substances  metals,  which  unite  dudility 
with  opacity ;  and  with  weight,  brilliancy.  And 
those  which  have  the  appearance,  but  not  the 
dudlility  of  metals,  they  call  semi-metals. 
Those  are  called  perfedl,  which  undeigo  the 
le^t  sensible  alteration.  Thos#  iwerfedt, 
which  lose  their  metallic  properties  in  the 
process. 


Metals  exist  in  the  earth,  in  three  different 
states.  I.  As  virgin  or  native,  that  is,  in 
possession  of  all  thdr  pronerties;  as  gold  ft 
generally  found,  and  silver  IR^%|  as  is  copper,  ^  ok^ 
mercury,  bismuth  and  a|ieg|k :  rarely  iron  f 
more  rarely  lead,  zinc,'  the  reguius  or  metallic 
part  of  antimony ;  but  rarest  rf  all,  tin,  or 
a  singular  species  of  arsenical  ore,  called  cobalt. 
2.  As  an  earth  or  lime,  that  is  to  saj^  not 
having  any  metallic  appearance.  Co^er  is  often 
found  as  a  green  or  blue  lime ;  sometimes  rega- 
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Itrly  crystalized ;  iron  in  the  state  of  rust,  and 
lAite  or  coloured  spar,  sometinies  crystalized* 
Lead  in  that  of  crystalized  lime^  ,and  of  red, 
green,  or  white  spar;  tin  in  the  same  variations  ; 
sine  in  the  state  of  calamine;  cobalt  ifi  red  flow- 
ers; and  arsenic  in  white  lime.  3.  Constitutes 
that  which  is  most  common,  where,  as  in  mines, 
the  metals  are  combined  with  certain  matters, 
which  deprive  them'of  their  metallic  properties, 
which  they  do  ifftt  rtgain  until  they  are  sepa- 
rated. Smlphuf  •  is  the  substance  that  most 
generallfr  ui|^es  with  metals.  The  .veins  of 
metals  :pa:e  ^scompanied  by  stony  substances, 
by  quartz  and  spars,  which  seem  to  have  been 
formed  at  the  same  time.  Tbcy  in  general 
form  two  beds ;  one  for  the  metal  to  lie  upon, 
and  the  other  as  its  cover.  They  do  not  blend, 
however,  so  intimately  as  the  sulphur. 

All  metallic;  sti>stances  seem  to  owe  their 
formation  to  is^i^fp-.^  The  greatest  part  sure  to 
be  found  crystalized.  'Some  preserve  the  or- 
ganization of  a  v^etable  or  animal.  The  fire, 
in<)eed,  has  been  supposed  to  have  formed 
somejf  Mountains  have  their  substances  more 
immediate^  for  our  observation,  and  particu- 
kdy  those  which  run  in  chains.    The  plants 

%  which 
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whkh  grow- on  these  mountains,  are  observAI^^  ^  -  > 

to  be  arid  ;  rm  trees  crooked  and  ugiy ;   tl||^     ^/     ^ 
snow   to  iiii^t   almost  as  soon  as  i^  falls.    In   ^     ,     ' 
fine,  the  very  gravel  is  frequently  seen  to  exhi«y^'.  * 
bit  met|Uic  colours.     B^jik  ^  I  ^^id  before,  thffr  ^i^f    0f, 
mercurial  substance,  from  its  amazing  weight,  ,'" 

its  habitual  fluidity,  its  extreme  volanlity,  an^  '  ^^ 
the  singular  alterations  it  is  cSpabie  of  manifest™  #  . 

ing,  is  the  most  surprizing*of  all  these  metallic     ^ 
bodies.     Besides  the^old  ideas  concerning  it,  it;  4r  ' 

has  been  regarded  as  a  metallic  water,  a  water  m 

which  does  not  wet  onc*s  hands,  "Aqua  non  *'*  i 

madefaciens  manus."     It  is  true,  it  does  not  •    -• 

wet  one's  hands,  or  many  other  bodfo   which  ' 

are  to  be  wet  by  water,  by  oil,  and  oMtt  liquors.  ^^^ 

But  this  phsenomenon  results  mer^  from  kp  *«;  't^  IK" 
having  no  affinity  with  these  bodlhftf  Fm  as  I  r  '  (j  • 
have  already  remarked,  when  it  is  in  contadl  *  ^ a  * 
with  certain  substances,  with  which  it  ca«  unite,  tF 

as  gold,  silver,  tin,  &c.   then  it  intimately  ap- 
plies itself,  and  wets  i^hem  m  such  a  manner, 

that  they  cannot  be  dried  unless  ,by^  evapora- 
tion caused  by  fire.  A  phosphoric  light,  is  ^ 
sometimes  to  be  observed  to  proceed  from 
mercury,  and  yet  at  the  same  time,  a  hand 
plunged  into  it,  is  sensible  of  great  cold.  A 
thermometer  plunged  into  it,  proves  it  to  be  of 
the  temperature  o£the  at  motphere,  and  no  colder. 

It 
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Jit  is  found  sometimes  in  large  masses.     It   is 

J     jjjnerally  combined  with  sulphur**  and  then  it 

s^    forms  what  is  called  cinnabar.     T^e  corrosive 

H,    *,^ublimate  is  an  artifical  preparation;  as  is  the 

«malgam,  which  ^q[|^ely  an  incorposation  of 

, mercury  with  somit  other  metal:  this  latter, 

1l%  •  %mr]t 

^      .however,  can  be  rendered  so  powerful,   as  .  that 
'  metals  by  amalgdhiation  shall  be  confounded 
and  entirely  conceated  within  each  other. 

Besides  the  properties  of  other  metals,  iron, 
which  next  to  tin  is  the  lightest  of  all  metals, 
has  three  in  a  great  degree  its  own.  One,  is  the 
proper ty^<*f  being  attradbed  by  the  magnet,  and 
the  power  *^f  becoming  itself  a  magnet,  by 
>  iTji^ting  in  ji  position  south'and  north,  or  even 
by  standing  perpendicularly.  The  second,  is 
the  property  of  inflaming,  for  steel  filings, 
small  »4eel  wire^  burn  by  the  least  approach  of 
ignited  bodies  -,  and  producing  sparks  of  fire, 
when  struck  i^ainst  a  flint,  for  the  sparks  are 
nothing  else  put  particles  of  steel  separated  by 
the  hard  flint,  and  set  on  fire  by  the  violence 
of  the  stroke.  The  third,  is  its  being  the  only 
metallic  substance  that  is  found  in  plants  and 
animals,  and  serves  to  give  colour  to  a  part  of 
their  humours.  For  it  gives  in  reality,  all  that 
truly  astonishing  variety  of  colours,  which  are 

com- 
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comprehended  between  the  blue  and  the  deepest 

red.    It  is  eten  probable,  that  organized  bodies,  *^ik 

form  within  themselves  this  metal,  for  plants  rear-  ^  |k 

ed  in  pure  water  contain  iron,  as  may  be  proved 

from  their  cinders,  whence  iron  is  to  beextraft*    * 

ed.  It  is  very  abundant,  it  ?s  found  in  almost  all    A  .     \ 

coloured  stones,  bitumens,  and  mines  of  other        ^  ^^  \. 

metals.  It  is  not  uncommon  to- see  organized    -  ^'     ^. 

matters,  such  as  wood,  leaves,  barks  of  trees,  and  .\  ^** 

shells,  changed  into  iron.  And  what  is  more  strik-        - 

ing,  no  organized  matter  is  ever  found  changed  «£ 

into  any  other  metal,  which  shews  its  affinit^to 

those  stibstances.     Ther^is  scarce  any  artfirf         ^ 

which  iron  is  not  emplofbdj  M.  Macquer calls  it    •. 

the  soul  of.  the  arts.     It  is  the  only  metal  that 

has  nothing  pernicious  in  it  to  organized  bodi^s^ 

vegetable  or  animaL  •-     *  " "  .,    * 


■*• 


In  decomposition,  as  you  will  ^^ eadily  con*  '    [^  ^ 
ceive,  consists  the  great  art  'bf  chymistry,  and     ^  J 
this  proceeds  from  a  knowledge  of  affinitfts. 
Let  us  suppose,  for  instance,  two  bodies  which         <.    ^    - 
strongly  adhere  to  each  other,  as  an  acid  and,     * .      .-. 
a  metal.     Present  to  them  a  third  substance,:*.  ••  A* 
which   has  a  stronger  affinity  with  the  a^^> -' 
suppose  an  alkali ;  the  result  will  be,  the  alkali 
having  a  superior  tendency  to  unite  with  the 
acid,  than  the  acid  had   with  the  metal,   the 

bodies 
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bodies  will  be  separated,  and  the  ^ali  vrill  take 
the  acid  to  itself;  and  the  operation  of  this 
is  called  precipitation.  It  is  proved  also,  in  oppo-^ 
sition  to  Stahl  and  others,  that  two  or  more 
bodies  united,  form  a  matter,  the  properties  of 
which  are  new,  and  very  different  from  these, 
!•.       which  each  of  those  bodies  possessed  before 
^^  ,  their  junftion;     Marine    acid    and  mercury, 
'       .  given  separately,  and  in  doses  of  a  few  grains 
in  a  glass  of  water,  are  not  capable  of  injuring 
^         the  animal  economy ;  while  the  same  dose  of 
cogosive  sublimate,  formed  by  the  combina- 
tioil  of  these  two  suttstances^  and  administered 
•  in  the  same  manner,^  isx  a  most  violent  poison* 
The  oil  of  vitriol  and  the  oil  of  tartar,  make  a 
;^o)|d.     The  solids   of  neutral   salts  combined 
^  «^,    with  ioe,  make    a  fluid.     But   all  substances 
'  '  '  have  not  *  an  equal  tendency  to  blend.     Iron 
and  mercury.can  Sever  be  intimately  united. 

We  have  already  noticed  the  difference  be- 
tween tht  noble  and  the  ignoble  metals,  and 
.  *  that  they  were  all  to  be  dissolved  by  aqua  fortis* 
.excepting  gold.  This  king  of  metals,  to  speak^ 
with  the  ancients,  is  only  to  be  dissolved  by  a 
mixture  of  the  nitrous  and  the  marine  acids^ 
though  neither  of  them,  when  separate,  has  any 
efed  upon  \U    It  is  direftly  attrafted  by  de^ 

phlo- 
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phl<^isticated  muriatic  acid,  by  aqua  regia,  and 
nitrous  acid  ;  but  the  other  acids,  being  defici- 
ent in  power  to  carry  off  the  necessary  quantity 
of  phlogiston,  do  not  take  it  up,  unless  ic  has 
been  precipitated  from  some  one  or  other  of 
these  three. 

But  there  is  a  substance,  which,  from  its  very 
deleterious  qualities,  it  is  highly  necessary  you 
should  be  made  acquainted  with ;  I  mean  litharge^ 
that  metallic  substance  formed  out  of  the  spume, 
foam,  or  froth  of  lead.  It  is  found  in  furnaces 
where  silver  is  refined,  and  hence,  its  name 
>iOafyi^o^,  that  is,  Xiflo^  a  stone,  and  ct^yv^og  sil- 
ver. The  litharge  sold  in  the  shops,  is  produced 
from  copper  works.  Litharge  is  properly,lead  vi- 
trified, either  alone,  or  with  a  mixture  of  copper. 
But  lead  is  dangerous  in  a  variety  of  instances, 
especially  if  employed  in  domestic  vessels  and 
utensils.  •  Fountains  and  basons  of  it,  in  which 
water  is  kept,  are  often  so  noxious,  as  materially  to 
hurt  that  element.  The  vapour  and  the  powder 
of  it  are  pernicious.  But  the  saccharum  saturni, 
sugar  of  lead,  or  ceruse,  as  it  is  commonly  called, 
is  of  all,  perhaps,  the  most  pernicious.  It  is  this 
property,  unfortunately,  which  lead  has  of  acquir- 
ing a  sweet  taste  by  a  solution  in  acid,  that  has 
rendered  it  so  serviceable  to  those  venders  of 
VOL.  I.  wine, 
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wine,  who  respcdting  their  own  profit  more  ibaa 
the  lives  of  their  fellow  creatures,  have  not  scru- 
pled to  attempt  to  recover  wines  which  have  turn- 
ed sour,  by  putting  into  them  large  quantities 
of  ceruse,  or  litharge,  *  a  palpable  poison.  This 
offence  is  in  Germany  punifhable  with  death. 
It  is  on  account  of  the  poisonous  quality  of 
litharge,  that  the  use  of  white  paint  on  the  skin 
IS  found  so  destru&ive  to  the  constitution^ 

.  As  I  have  above  said,  however,  of  all  metal- 
lic substances,  iron  is  the  most  common.     It  is 
to  be  met  with  in  the  three  kingdoms  of  nature. 
It   is  not  only   one  of  the   principles   which 
gives  colour  to  plants,  as  well  as  to  animals, 
but,  when  dissolved  by  the  phosphoric  acid,  it 
always  assumes  a  brilliant  red  colout  itself.    The 
ruby,  the  blood,  and  even  wine,  are  each  seve- 
rally coloured  by  the  combination  of  iron  with 
the  phosphoric  acid.     By  variety  in  its  combi- 
nation, it  always  affords  variety  in  tints,  +     It 
was  long  a  received  opinion,  also,  as  I  have  above 
remarked,  that  metals  were  not  inhabitants  of 
the  primordial  mountains.     But,  besides  the  fa^* 
miliar  instance  of  Scotland, — ^at  Scharfenberg, 
in  Saxony,  veins  of  silver    are  found  in   gra- 
nite. X  Among  the  Pyrenees,  the  richest  veins  of 

lead 
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•  kad  are  found  in  the  sam6  rock.  *  Nature, 
therefore,  is  not  so  limited  as  has  been  sup- 
posed, in  those  mineral  gifts  which  give  to 
agriculture  and  arts  their  best  instruments; 
to  manufadures  their  best  materials  i  and  to 
commerce  and  society,  the  medium  by  which 
they  arc  supported,  and  the  chain  by  which 
they  are  linked. 

And  now  I  think  we  have  looked  at  metallic 
substances  iri  their  most  striking  features. 
During  our  inquiries  into  the  nature  and  proper- 
ties of  the  permanently  elastic  fluids,  we  ad- 
verted to  the  lime,  or  the  residuum  of  metals, 
a&juiring  a  considerable  degree  of  weight.  We 
then  saw,  that  it  wis  heavier  than  the  metal 
itself,  previoils  to  calcination.  Astonishing 
assuredly  it  is,  that  a  body  shall  augment  in 
weight,  by  losing  one  of  its  constitiient  parts. 
But  the  faft  seems  to  be  as  M.  MacqUer 
argues,  that  metals  cannot  lose  their  phlogiston 
and  calcine,  but  in  proportion  as  the  pure  air 
6f  the  atmosphere  is  precipitated  -and  united 
to  their  substances  j  and  that  they  are  not  re- 
duced until  the  phlogiston,  aided  by  heat, 
disengages  the  pure  air.  Chymi..ts  have  looked 
upon  rust  as  the  linie  of  metals. 
VOL.  1.  H  h  ^  The 
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The  wild  idea  of  making  the  most  perfe6fc  of 
all  these  metab,  gold,  existed  among  the  Egyp* 
tians  aiid  the  Greeks,  and  was  found  ainong 
the  Arabs,  when  the  En^ish,  French,  Germans, 
and  Italians,  went  to  the  Holy  Land,  durii^ 
the  Crusades.  From  the  nth  to  the  i6th 
centuries,  it  was  carried  to  the  most  extrava- 
gant excess :  will  you  believe  it,  that  within 
these  six  centuries,  more  than  six  thousand 
volumes  have  been  published  on  the  Elements 
and  Pra&ice  of  Chymistry ;  or  the  greatest  part 
of  them,  more  projferly  speaking,  on  the  best 
means  ci  artificially  making  gold  P  The  con- 
trariety of  ideas  on  the  subjeft  of  mineralogf , 
even  from  the  year  1730,  hath  been  astonishing. 
You  cannot  but  have  heard  of  Bromel,  Lin- 
nseus,  Cramer,  Wallerius,  Cronstedt,  Wolters- 
dorfT,  Gellert,  Cartheuser,  Justi,  Lehman, 
Vogel,  Stahl,  Bergman,  Scheele,  Baumer, 
Valmont  de  Bomare,  BufFon,  Bucquet,  D*Au- 
benton,  Hill,  Sage,  De  Saussure,  Kirwan, 
Rome  de  I'lsle,  Monnet,  and  multitudes 
of  others. 

At  the  same  time  you  are  not  to  forget,  that 
gold  was  formerly  used  very  plentifully  in  me- 
dicine. This  remedy  was  particularly  much  in 
fashion  in  the  15th  century.     The  goodness 

has 
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has  at  all  tixxiesb  een  proportioned,  you  know,  to 
the  dearness  of  the  drug.  Bernard  de  Palissy 
exdaimed  strongly  against  the  Apothecaries  of 
his  time,  who  demanded  ducat  gold  from  the 
sick  to  put  into  their  medicines,  under  the  pre« 
tence,  that  the  purer  the  gold,  the  more  speedy 
would  be  the  restoration  of  the  health  of  the  pati-* 
ent.  Alchymy  was  therefore  defined,  ars  sine  arie, 
offus  principium  est  mentirij  mediwn  labor  or e^  terU^ 
uni  mendicare.  But  there  was  a  class  of  Alchy- 
mists,  whose  genius,  probity,,  and  condnaft,  we 
have  reason  to  venerate.  *They  enriched  chy- 
mistry  with  the  best  products  we  are  acquainted 
\|jtti.  Nor  are  we  to  treat  disrespedbfuUy, 
the  study  of  that  mineral  kingdom  whence  the 
wants  and  conveniences  of  man  are  so  amply 
supplied.  And  now  I  will  relieve  you  from  the 
subjeft,  with  just  remarking,  that  gold  is  chiefly 
found  in  larger  and  smaller  grains,  blended  with 
the  composition  of  the  rock ;  and  this  is  the  rea« 
son  why  so  much  gold  dust,  andgrains,  are  found 
in  the  beds  of  rivers :  and  that  lead,  copper,  and 
other  ores,  are  found  generally  in  the  compost-^ 
tion  or  fissures  of  the  solid  body  of  the  rock. 
Allow  me  also  just  to  mention  to  you,  two  or 
three  metallic  phenomena.  For  instance,  a 
plate  of  copper,  immersed  in  a  solution  of  silver 
diluted  in  water,  precipitates  the  metal*     The 
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Silver  adheres  at  the  moment  of  precipitation 
to  the  surface  of  the  copper,  where  it  forms  a 
kind  of  moss.     In  proportion  as  the  silver  is 
precipitated,  the  water  assumes  a  blue  tinge ; 
which  proves  that  the  copper  is  dissolved  in  the 
nitric  acid,   in  the  room  of  the  silver.     When 
the  whole  of  the  silver  is  disengaged,  and  the 
water  is  poured  off,  the  silver  is  dried,   and 
fused  in  crucibles,   to  be   cast    into   ingots. 
This  silver,  however,  almost  always  retains  a 
small  quantity  of  the  copper.   Silver  is  likewise 
precipitated  by  mercury,  and  as  the  arrange- 
ment gives  the  form  of  a  vegetation,  it  is  called 
arhof  diana.     There  is  also  a  powder,  lately  dis- 
covered,   to  be  produced  from  silver,    mcKC 
astonishingly  fulminating  than  even  fulminating 
gold  itself.*     Gold  is  precipitated  from  its  so- 
lution by  several  metab,  such  as  lead,  iron, 
silver,  copper,  bismuth,  mercury,  zinc  and  tin. 
This  last  precipitates  it  instantly  in  the  form  of 
a  powder.     Gold  may  likewise  be  precipitated 
from,  its  solution  by  aether.     This  liquor  seizes 
the  gold  in  a  moment,  and  sometimes  instantly 
revivifies  it.     The  gold  is  sometimes  seen  to 
form  a  stratum  at  the  surface  of  the  liquor, 
n^nd  the  two  fluids  no  longer  to  contain  a  par- 
ticle.    Copper  ore,  sometimes  forms  sulphate 

»  BerthoUet. 
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©f  copper  in  its  decomposition.  This  salt  is 
dissolved  in  water,  and, forms  springs  more  or 
less  loaded  with  it,  from  which  the  copper  may 
be  obtained  by  cementation.  Old  iron  is  thrown 
into  the  water,  the  copper  is  precipitated,  and  the 
iron  takes  its  place  -,  not  that  the  iron,  accord* 
ing  to  vulgar  belief,  is  transmuted  into  copper. 
In  this  manner  it  is  obtained  in  Hungary,  in 
England,  and  in .  Ireland.  The  skeletons  of 
animals  are  sometimes  found  in  copper  mines^ 
penetrated  with  that  metal.  We  read  even  of 
a  human  carcase  found  in  the  great  copper 
mine  at  Fahlun,  in  Sweden,  which  had  remain- 
ed there  forty  years,  with  the  flesh  ?ind  bones 
entire,  without  corruption,  and  without  emit- . 
ting  any  smell.* 

*  A£la  Literaru  Suec;  anno  1772. 


H  h  3  LETTER 


484  LETTER  XXXI. 


LETTER    XXXI. 


The  science  of  fossils  comprehends^  as  you 
have  seen,  the  knowledge  of  all  the  various 
bodies  which  are  dug  from  the  subterraneous 
parts  of  the  earth;  whether  they  be  such  as  were 
naturally  formed  there,  or  originally  belonged 
to  the  animal  and  vegetable  kingdoms,  and 
were  deposited  by  some  change  in  the  counc 
of  nature.  The  Heathens  adopted  the  most 
•  whimsical  notions  of  fossils.  They  could  not 
account  for  them.  Even  Pliny  and  Thec^hra- 
stus  believed  (or  seemed  to  believe),  that  stones 
bred,  and  brought  forth  young  ones.*  Nor  is 
the  mist  even  yet  dispelled,  for  as  I  have  aU 
ready  remarked,  it  has  been  a  question  with 
philosophers,  whether  stones  do  not  grow  in  the 
earth  ?  There  certainly,  however,  seems  to  be 
no  clear  evidence  to  prove,  that  an  integral 
pebble  buried  in  the  earth,  is  larger  now  than 
it  was  a  thousand  years  ago.  The  contrary,  in- 
deed, is  plain,  from  its  retaining  those  marks  of 
attrition  which  pebbles  get  by  rolling  against 

each 
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each  other  in  the  water.  Thus  much,  however, 
does ,  appear,  that  there-  is  in  some  parts  of 
the  earth  a  petrifying  fluid,  with  which  a  broken 
stone  will  be  reconsolidated  like  a  broken  limb ; 
and  heterogeneous  matters,  as  shells  and  pebbles, 
will  be  found  coagulated  into  a  strong  mass. 

But  let  us  cast  our  eyes  again  on  the  great 
subjedt  on  which  we  were  engaged,  and  from 
which  we  have  strayed,  merely  from  the  desire 
of  running  through  the  whole  system  of  cry- 
staiization.  Again  let  us  plunge  into  the  body  of 
the  waters.  The  continents  on  which  we  stand, 
were,  as  we  have  formerly  said,  the  bottom  of  the 
sea.  The  surface  which  we  now  behold,  received 
its  configuration  from  the  currents,  the  move- 
ments, and  the  inexplicable  accidents  it  met  with 
in  the  ocean.    In  the  internal  parts  of  the  earth, 
as  far  as  the  excavations  made  by  natural  causes 
or  by  the  industry  of  man,  have  given  scope  for 
observation,  we  have  had  striking  marks  exhi- 
bited, of  the  immense  changes  that  have  been 
produced  by  the  chymical  aftion  of  bodies  on 
each  other,  during  a  course  of  ages  preceding 
all  human  record.     The  loftiest   mountains, 
which  run  in  chains  through  the  great  conti- 
nents, and  aire  composed  chiefly  oi  granite ^  were 
found,  previously  to  the  existence  of  animals 
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and  vegetables  upon  the  present  ^rth.  The 
same  also,  it  is  presumed,  applies  to  mountains 
of  lime  stone,  or  marble  of  a  granular  texture, 
and  is  grounded  on  the  consideration,  that  the 
remains  of  organized  substances  are  never  found 
in  them.*  Calcareous  stones,  says  De  Saussure, 
are  universally  allowed  to  be  produftions  of  the 
sea.  To  prove  this,  the  vestiges  of  marine  ani- 
mals may  be  demanded.  But  the  sea  does-  not 
in  every  part  of  it  produce  shells.  Moreover, 
there  are  oftentimes  local  causes,  such  as  an 
abundance  of  the  acid  principle,  which  may 
alter  and  hinder  petrification,  nay  even  preser- 
vation. I  have  observed,  continues  this  philo- 
sopher, and  with  great  astonishment,  in  the 
argillaceous  hills  of  Tuscany,  and  above  all, 
in  the  environs  of  Sienna,  for  instance,  near 
Monte  Chiaro,  that  the  hills  contiguous  to 
each  other,  are  many  of  them  so  filled  with 
fossil  shells,  that  the  earth  has  absolutely  been 
white;  but,  on  the  contraiy,  that  the  others 
have  been  without  the  smallest  trace  of  a  shell. 
In  the  high  mountains  of  the  Alps,  the  slates, 
and  calcareous  stones,  which  appear  to  have 
been  formed  immediately  after  the  primitive 
rocks,  seldom  or  never  contain  vestiges  of  ma- 
rine animals ;  whereas  those  in  the  flat  country, 

or 
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er  in  inconsiderable  mountains,  always  abound 
with  them. 


The  Calcareous  substances  of  which  we  are 
here  speaking,  are  indisputably  formed  in  the 
bowels  of  the  deep.  The  sea  is  the  laboratory 
whence  shells  and  other  marine  matters  are  de- 
duced, which  are  necessary  for  such  coacerva- 
tions.  But,  what  an  astonishing  difference 
between  the  soft  consistency  of  some  of  these 
animals  while  living,  and  the  hardness  of  the 
masses  formed  from  them  when  dead!  losing 
their  organic  form,  for  such  we  must  suppose  to 
be  the  process,  they  crumble  and  pass  into  a  cal- 
careous substance ;  then  indurate,  and  in  such  a 
situation,  furnish  an  occasion  for  conjecture 
concerning  the  antiquity  of  the  earth.  This 
proprety,  of  rendering  animal  substances  cal- 
careous, says  Mr.  Douglas,  seems  to  be  intirely 
undefined  by  any  of  our  learned  Naturalists. 
Must  not  the  agent  which  has  operated  upon 
these  substances,  be  in  its  effedt  similar  to  fire  ? 
By  some  chymists,  this  redudlidn  has  in  truth 
been  attributed  to  acids.  An  acid  menstru- 
um, indeed,  continues  he,  has  been  lately  dis- 
covered, which  will  dissolve  the  hardest  bodies^ 
and  it  is  well  known,  that  the  decomposition  of 
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fluor  spar,  united  with  the  vitriolic  acid,  g-eatly 
fermented  with  the  assistance  of  fire,  will,  in 
passing  through  water,  crystalize,  and  probably 
indurate  animal  bodies  opposed  to  it.  This 
chymical  efFed  then  may  now  perhaps  be  opera- 
ting 9  and  in  the  masses  at  the  bottom  of  the 
ocean,  be  generating  those  phsenomena  which 
in  future  ages  are  to  surprize,  as  much  as  their 
counterparts  do  at  this  moment.  Nature  has 
been  at  all  times^  and  must  continue  to  the  end, 
siin  semper  similis. 

From  this  I  acknowledge,  it  might  be  infer- 
red, that  marine  animals  were  created  prior  to 
terrene  animals^  otherwise  why  are  fossil  shelb, 
why  are  the  echini,  the  entrochi,  the  glossopc- 
tra,  and  the  relicks  of  other  fishes,  so  universally 
found  in  the  deepest  as  well  as  in  the  most  ele- 
vated strata  of  the  earth  ?  But  from  such  an 
inference,  I  must  entirely  and  unequivocally 
withhold  my  assent.  I  cannot  admit  that 
marine  animals  were  created  prior  to  man,  and 
all  other  beings.  I  will  acknowledge  it  appears 
clear,  even  to  demonstration,  that  those  marine 
shells  which  are  found  fossil,  were  generated, 
lived,  and  died,  in  the  very  beds  where  they  are 
found,  and  were  not  brought  from  distant  re- 
gions by  a  flood  or  floods,  as  some  have  sup- 
posed; 


L£TT£Jl   XXXI.  489 

posed;  and  consequently  that  such  beds  were 
originally  the  bottom  of  the  sea.  I  will  also 
confess,  that  shell  fish  increase  prodigiously ; 
insomuch,  that  it  is  not  uncommon  to  take 
away  a  bed  of  shell  fish  several  fathoms  in  ex«- 
tent,  and  yet  there  shall  be  as  many  the  ensuing^ 
as  there  wem  found  tfaero  the  Sorsacr  year.  But, 
in  a  priority  of  existence,  however  it  might  free 
one  from  embarrassment  in  establishinga  theory 
of  the  earth,  I  shall  never  be  able  to  bring  my 
mind  to  acquiesce.  Probability;  and  reason^ 
are  too  strongly  against  it. 

The  number  of  sea  shells  found  in  a  fossil,  or 
m  a  petrified  state,  is  so  amazing,  that  were  it 
not  £:>r  this  very  circumstance,  we  never  should 
have  had  a  proper  idea  of  the  surprizing  quan^^ 
tities  of  those  animals,  to  which  the  octan  gives 
birth :  they  ap^ar  in  masses,  like  moimtains  ;^ 
in  banks  of  1 00,  and  200  leagues  in  length ; 
and  from  50  to  60  feet  thick.*  Lime  stone, 
marble,  chalk,  marie,  &c.  together  with  vari«> 
ous  others,  owe  their  origin  to  shells.  Ns^ 
more,  I  will  venture  to  affirm,  says  BufFon,  that 
shells  are  the  medium  employed  by  nature  in 
the  formation  of  almost  all  stones.  Many 
&hes  inhabit  the  deepest  parts  of  the  ocean, 

and 
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and  are  never  thrown  upon  the  coasts;  these 
are  termed  pelasgi.  Those  thrown  upon  the 
coasts,  are  called  littorales.  The  cornu  ammonis  pro- 
bably belongs  to  the  former :  for  these  'unimals, 
the  cornua  ammonis^  are  no  longer  found  in  any  of 
our  seas.  Shells  are  sometimes  found  more  than 
1  ooo  feet  below  the  surface ;  and  on  the  top  of 
the  mountain  called  Lehaut  de  f^(?ro«,  which  is  ele- 
vated more  than  seven  thousand  feet  above  the 
level  of  the  sea,  fragments  of  petrified  oysters  have 
been  found.  Chalk,  says  Monnet,  occupies  a  space 
of  more  than  600  mUes  in  Picardy,  BouUonab, 
Artois,  French  Flanders,  and  Soissonnais ;  and 
often  a  depth  of  more  than  400  feet .  Nor  is  it  un- 
worthy of  remark,  says  he,  that  chalky  coxintries 
are  almost  ajiways  lower  and  4ess  mountainous 
than  other  countries ;  that  their  valleys  are  less 
profound,  though  they  are  larger  and  more  spaci- 
ous. Adistindion  of  course  ought  to  be  made  be- 
tween positively  chalky,  and  simply  calcareous 
countries.  Another  remark,  no  less  worthy  of 
attending  to,  he  further  observes,  is,  that  chalky 
and  calcareous  substances,  almost  always  afied 
an  horizontal  diredion,  whereas  Schistus-affeds 
an  oblique,  or  a  perpendicular  diredion. 

How  natural  and  satisfadory,  therefore,  is  the 
conclusion  of  Mons.  De  Saussure,  that  it  is  more 

than 


LETTER   XXXI*  49! 

than  probable,  though  at  a  considerable  depth 
below  the  surface  of  the  I^ke  of  Geneva,  that 
the.  calcareous  beds  of  Mount  Jura  unite  to  those 
of  Saleve,  and  the  first  chain  of  the  Alps* 

Elevations,  consisting  chiefly  of  clay,  sand, 
or  gravel,  are  called  hills  ;  those  that  consist 
chiefly  of  stone,  are  called  mountains,  as  they 
are  the  chief  repositories  of  minerals,  and  parti- 
cularly of  metallic  ores.  That  the  formation 
of  these  mountains  preceded  that  of  our  present 
races  of  vegetables  and  animals,  is  justly  infer- 
red, as  we  have  above  noticed,  from  their  con- 
taining no  organic  remains,  either  in  the  form 
of  petrification  or  impression ;  from  their  bulk, 
extension  and  connexion,  which  seem  too  con- 
siderable to  be  ascribed  to  subsequent  causes ; 
and  from  their  use  and  necessity  for  the  pro- 
dudion  of  rivers,  without  whiph,  it  is  hard  to 
suppose  the  world  had  existed  at  any  period, 
since  the  creation  of  animals.  Granites  were 
formed  by  crystali;iation.  *  This  operation 
probably  took  place  when  the  various  species 
of  earths,  already  dissolved  or  diffused  through 
the  mighty  mass  of  the  waters,  were  disposed 
to  coalesce ;  and  among  these,  the  siliceous  must 
have  been  the  first,  as  they  are  the  least  soluble : 

but 
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but  9$  they  have  an  affinity  to  other  earths^ 
with  which  they  were  mixed,  sonie  of  these 
must  also  have  united  with  them  in  various 
proportions,  and  thus  have  formed  in  distinct 
masses,  the  felt-spar,  shoerl,  and  mica,  which 
compose  the  granite. 

Calcareous  earth  enters  very  sparingly  into 
the  composition  of  this  stone ;  but  it  is  found 
in  shoerl,  which  is  frequently  a  component 
part  of  granite.  Quartz  can  never  be  supposed 
to  be  a  produdt  of  fire,  for  in  a  very  low  heat, 
it  bursts,  cracks,,  and  loses  it  transparency ;  and 
in  the  highest  we  can  produce,  it  is  infusible,  so 
that  in  every  essential  point,  it  is  totally  unlike 
glass,  to  which  some  have  compared  it.*  As 
granite  contains  earths  of  every  genus,  we  may 
conclude,  that  all  the  simple  earths  are  coeval 
with  the  creation.  Their  simplicity,  however, 
may  be  only  relative  to  the  present  state  of  our 
knowledge;  for  water  itself,  as  we  have  seen, 
though  it  undoubtedly  dates  from  the  creation, 
is  by  late  experiments  said  to  be  a  compound : 
a  miracle,  to  avail  myself  of  an  expression  of 
Burnet,  not  less  striking,  the  turning  of  air  into 
water,  than  the  turning  of  water  into  wine. 

Moxmtains, 

*  Kirwan. 
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Mountains,  which  consist  of  lime  stone  or 
marble  of  a  granular  or  scaly  texture,  and  not 
disposed  in  strata,  seem  also  to  have  preceded 
the  existence  of  our  present  animals ;  for  no 
organic  traces  are  found  in  them.  Also  those 
that  consist  of  stones  of  the  argillaceous  genus, 
and  of  the  compound  species  of  the  silice- 
ous genus,  seem  to  be  primoeval,  as  they  con- 
tain no  organic  remains :  these  often  consist  of 
parallel  strata  of  unequa^l  thickness ;  and  the 
lower  are  harder  and  less  thick  than  the  upper ; 
whence,  the  lower  seem  to  have  been  first 
formed,  and  the  upper,  later.  They  are  the 
principal  seat  of  metallic  substances,  whose  ores 
run  across  the  strata  in  all  direftions,  hence 
they  are  by  the  French  called  montagnes  a  Jilons. 
Coal  is  never  found  in  them.  Alluvian  moun- 
tains, as  they  are  denominated,  are  evidently 
of  posterior  formation ;  as  they  contain  petri- 
faftions,  and  other  vestiges  of  organic  substan- 
ces ;  and  are  always  stratified. 

Granite  is  considerably  interesting,  from  the 
beautiful  works  of  which  it  is  the  constituent 
matter;  from  its  great  age,  and  from  the  princi- 
pal part  it  ads  in  the  composition  of  the  globe.* 
It  is  likewise  greatly  interesting,  from  the  nature 

of 
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of  its  stru&ure,  and  from  the  few  lights  we  have 
in  regard  to  its  nature  and  fc^mation.  Of  this 
species  of  rock,  the  matter  of  the  most  elevated 
mountains  is  composed,  such  as  the  central 
chain  of  the  Alps,  the  Cordelliers,  Imaiis,  Cau- 
casus, &c.  It  is  never  found  seated  on  slate^ 
or  on  calcareous  stone.  On  the  contrary,  slate 
and  calcareous  stone  are  frequently  found  seat- 
ed on  granite.  Hence  granites  carry  the  just 
title  of  primUive  mountains  y  while  those  of  slate 
and  calcareous  stone,  are  qualified  with  that  of 
secondary  mountains. 

In  the  strufture  of  mountains,  beds  may  be 
frequently  seen,  as  in  Mount  Jura,  which  occu- 
py, as  it  were,  the  centre,  or  very  heart  of  the 
mountain,  and  which  are  perpendicular  to  the 
horizon  j  and  this,  in  those  of  primitive  as  well 
as  of  secondary  formation.  On  this  subjed, 
says  De  Saussure,  I  had  long  thought,  that  all 
beds  ought  to  be  horizontal;  and  that  those 
which  were  not  so,  had  been  so  placed  by  some 
revolution  in  the  earth.  But  in  consequence 
of  having  repeatedly  remarked  them,  and  that 
too  in  mountains  of  the  most  perfeft  preserva- 
tion, which  to  all  appearance,  had  never  under- 
gone any  overthrow  or  disorder;  and  having 
found  them  always  in  a  form  and  diredlion  of 

the 
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lead  are  found  in  the  same  rock.  *  Nature, 
therefore,  is  not  so  limited  as  has  been  sup- 
posed, in  those  mineral  gifts  which  give  to 
agriculture  and  arts  their  best  instruments'; 
to  manufadlures  their  best  materials ;  and  to 
comnfierce  and  society,  the  medium  by  which 
they  are  supported,  and  the  chain  by  which 
they  are  linked^ 

And  now  I  think  we  have  looked  at  metallic 
subst3.nces  in  their  most  striking  features. 
During  pur  inquiries  into  the  nature  and  proper- 
ties of  the  permanently  elastic  fluids,  we  ad- 
verted to  the  lime,  or  the  residuum  of  metals, 
acquiring  a  considerable  degree  of  weight.  We 
then  saw,  that  it  was  heavier  than  the  metal 
itself,  previous  to  calcination.  Astonishing 
assuredly,  it  is,  that  a  body  shall  augment  in 
weight,  by  losing  one  of  its  constituent  parts. 
But  the  fa6l  seems  to  be  as  M.  Macquer 
argues,  that  metals  cannot  lose  their  phlogiston 
and  calcine,  but  in  proportion  as  the  pure  air 
of  the  atmosphere  is  precipitated  and  united 
to  their  substances  j  and  that  they  are  not  re- 
duced until  the  phlogiston,  aided  by  heat, 
disengages  the  pure  air.  Chymists  have  looked 
upon  rust  as  the  lime  of  metals. 
VOL.  I.  H  h  The 
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fluor  spar,  united  with  the  vitriolic  acid,  greatly 
fermented  with  the  assistance  of  fire,  will,  in 
passing  through  water,  crystalize,  and  probably 
indurate  animal  bodies  opposed  to  it.  This 
chymical  efFed  then  may  now  perhaps  be  opera- 
ting 9  and  in  the  masses  at  the  bottom  of  the 
ocean,  be  generating  those  phsenomena  which 
in  future  ages  are  to  surprize,  as  much  as  their 
counterparts  do  at  thjs  moment.  Nature  has 
been  at  all  times^  and  must  continue  to  the  end, 
siii  semper  similis. 

From  this  I  acknowledge,  it  might  be  infer- 
red, that  marine  animals  were  created  prior  to 
tenene  animals^  otherwise  why  are  fossil  sheik, 
why  are  the  echini,  the  entrochi,  the  glossope- 
tra,  and  the  relicks  of  other  fishes,  so  universally 
found  in  the  deepest  as  well  as  in  the  most  ele- 
vated strata  of  the  earth  ?  But  from  such  an 
inference,  I  must  entirely  and  unequivocally 
withhold  my  assent.  I  cannot  admit  that 
marine  animals  were  created  prior  to  man,  and 
all  other  beings.  I  will  acknowledge  it  appears 
clear,  even  to  demonstration,  that  those  marine 
shells  which  are  found  fossil,  were  generated, 
lived,  and  died,  in  the  very  beds  where  they  are 
found,  and  were  not  brought  from  distant  re- 
gions by  a  flood  or  floods,  as  some  have  sup- 
posed; 
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posed;  and  consequently  that  such  beds  were 
originally  the  bottom  of  the  sea.  I  mil  also 
confess,  that  shell  fish  increase  prodigiously ; 
insomuch,  that  it  is  not  uncommon  to  take 
away  a  bed  of  shell  fish  several  fathoms  in  ex* 
tent,  and  yet  there  shall  be  as  many  the  ensuing^ 
as  there  wem  found  tfaeie  the  Sorsacr  yc^.  But, 
in  a  priority  of  existence,  however  it  'might  free 
one  from  embamssment  in  establishing  a  theory 
of  the  earth,  I  shall  never  be  able  to  bring  my 
mind  to  acquiesce.  Probability,  and  reason^ 
are  too  strongly  against  it. 

The  number  of  sea  shells  found  in  a  fossil,  or 
in  a  petrified  state,  is  so  amazing,  that  were  it 
not  for  this  very  circumstance,  we  never  should 
have  had  a  proper  idea  of  the  surprizing  quan^^ 
tities  of  those  animals,  to  which  the  octan  gives 
birth :  they  appear  in  masses,  like  moimtains  ;^ 
in  banks  of  100,  and  200  leagues  in  length; 
and  from  50  to  60  feet  thick.*  Lime  stone, 
marble,  chalk,  marie,  &c.  together  with  vsn* 
ous  others,  owe  their  origin  to  shells.  Ns^r 
more,  I  will  venture  to  affirm,  says  BufFon,  that 
shells  are  the  medium  employed  by  nature  in 
the  formation  of  almost  all  stones.  Many 
fishes  inhabit  the  deepest  parts  of  the  ocean, 

and 
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and  are  never  thrown  upon  the  coasts;  these 
are  termed  pelasgi.     Those  thrown  upon  the 
coasts,  are  called  littoraks.  The  cornu  ammonis  pro- 
bably belongs  to  the  former :  for  these  animals, 
the  cornua  ammonis ^  are  no  longer  found  in  any  of 
our  seas.  Shells  are  sometimes  found  more  than 
1  ooo  feet  below  the  surface ;  and  on  the  top  of 
the  mountain  called  Lehaut  de  Ferotty  which  is  ele- 
vated more  than  seven  thousand  feet  above  the 
level  of  the  sea,  fragments  of  petrified  oysters  have 
been  found.  Chalk, says  Monnet,occupiesaspace 
of  more  than  600  miles  in  Picardy,  BouUonais, 
Artois,  French  Flanders,  and  Soissonnais  j   and 
often  a  depth  of  more  than  400  feet .  Nor  is  it  un- 
worthy of  remark,  says  he,  that  chalky  countries 
are  almost  always  lower  and  less  mountainous 
than  other  countries ;  that  their  valleys  are  less 
profound,  though  they  are  larger  and  more  spaci- 
ous. Adistin&ion  of  course  ought  to  be  made  be- 
tween positively  chalky,  and  simply  calcareous 
countries.     Another  remark,  no  less  worthy  of 
attending  to,  he  further  observes,  is,  that  chalky 
and  calcareous  substances,  almost  always  aiied 
an  horizontal  dire&ion,  whereas  Schistus^fieds 
an  oblique,  or  a  perpendicular  diredion. 

How  natural  and  satisfaftory,  therefore,  is  the 
conclusion  of  Mons.  De  Saussure,  that  it  is  more 

than 
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than  probable,  though  at  a  consiaef abfe  depth, 
below  the  surface  of  the  Lake  of  Geneva,  that 
the.  calcareous  beds  of  Mount  Jura  unite  to  those 
of  Saleve^  and  the  first  chain  of  the  Alps* 

Elevations,  consisting  chiefly  of  clay,  sand, 
or  gravel,  are  called  hills  ;  those  that  consist 
chiefly  of  stone,  ^re  called  mountains,  as  they 
are  the  chief  repositories  of  minerals,  and  parti- 
cularly of  metallic  ores.  That  the  formation 
of  these  mountains  preceded  that  of  our  present 
races  of  vegetables  and  animals,  is  justly  infer- 
red, as  we  have  above  noticed,  from  their  con- 
taining no  organic  remains,  either  in  the  form 
of  petrification  or  impression;  from  their  bulk, 
extension  and  connexion,  which  seem  too  con- 
siderable to  be  ascribed  to  subsequent  causes ; 
and  from  their  use  and  necessity  for  the  pro- 
dudion  of  rivers,  without  whiph,  it  is  hard  to 

• 

suppose  the  world  had  existed  at  any  period, 

since  the  creation  of  animals.     Granites  were 

formed   by   cry^stalization.  *     This   operation 

probably  took  place  when  the  various  species 

of  earths,  already  dissolved  or  diffused  through 

the  mighty  mass  of  the  waters,   were  disposed 

to  coalesce;  and  among  these,  the  siliceous  must 

have  been  the  first,  as  they  are  the  least  soluble ; 

but 
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but  as  they  have  aji  affinity  to  other  earths, 
with  which  they  were  mixed»  some  of  these 
must  also  have  united  with  them  in  various 
proportions,  and  thus  have  formed  in  distinft 
masses,  the  felt -spar,  shoerl,  and  mica,  which 
compose  the  granite. 

Calcareous  earth  enters  very  sparingly  into 
the  composition  of  this  stone ;  but  it  is  found 
in  shoerl,  which  is  frequently  a  component 
part  of  granite.  Quartz  can  never  be  supposed 
to  be  a  produft:  of  fire,  for  in  a  very  low  heat, 
it  bursts,  cracks,  and  loses  it  transparency ;  and 
in  the  highest  we  can  produce,  it  is  infusible,  so 
that  in  every  essential  point,  it  is  totally  unlike 
glass,  to  which  some  have  compared  it.*  As 
granite  contains  earths  of  every  genus,  we  may 
conclude,  that  all  the  simple  earths  are  coeval 
with  the  creation.  Their  simplicity^  however, 
may  be  only  relative  to  the  present  state  of  our 
knowledge;  for  water  itself,  as  we  have  seen, 
though  it  undoubtedly  dates  from  the  creation, 
is  by  late  experiments  said  to  be  a  compound : 
a  miracle,  to  avail  myself  of  an  expression  of 
Burnet,  not  less  striking,  the  turning  of  air  into 
water,  than  the  turning  of  water  into  wine. 

Mountains, 

♦  Kirwan, 
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Mountains,  which  consist  of  lime  stone  or 
marbk  of  a  granular  or  scaly  texture,  and  not 
disposed  in  strata,  seem  also  to  have  preceded 
the  existence  of  our  present  animals ;  for  no 
organic  traces  are  found  in  them.  Also  those 
that  consist  of  stones  of  the  argillaceous  genus, 
and  of  the  compound  species  of  the  silice- 
ous genus,  seem  to  be  primceral,  as  they  con- 
tain no'oiganic  remains :  these  often  consist  of 
parallel  strata  of  unequaji  thickness ;  and  the 
lower  are  harder  and  less  thick  than  the  upper ; 
whence,  the  lower  seem  to  have  been  first 
formed,  and  the  upper,  later.  They  are  the 
principal  seat  of  metallic  substances,  whose  ores 
run  across  the  strata  in  all  direftions,  hence 
they  are  by  the  French  called  montagnes  a  jilons. 
Coal  is  never  found  in  them.  AUuvian  moun- 
tains, as  they  are  denominated,  are  evidently 
of  posterior  formation ;  as  they  contain  petri- 
faftions,  and  other  vestiges  of  organic  substan- 
ces ;  and  are  always  stratified. 

Granite  is  considerably  interesting,  from  the 
beautiful  works  of  which  it  is  the  constituent 
matter;  firomits  great  age, and  fi-omthe  princi- 
pal part  it  a6ts  in  the  composition  of  the  globe.* 
It  is  likewise  greatly  interesting,  from  the  nature 

of 
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of  its  strufture,  and  from  the  few  lights  we  have 
in  regard  to  its  nature  and  formation.  Of  this 
species  of  rock,  the  matter  of  the  most  elevated 
mountains  is  composed,  such  as  the  central 
chain  of  the  Alps,  the  Cordelliers,  Imaiis,  Cau- 
casus, &c.  It  is  never  found  seated  on  slate, 
or  on  calcareous  stone.  On  the  contrary,  slate 
and  calcareous  stone  are  frequently  found  seat- 
ed on  granite.  Hence  granites  carry  the  just 
title  oi  primitive  mounfains;  while  those  of  slate 
and  calcareous  stone,  are  qualified  with  that  of 
secondary  mountains. 

> 

In  the  strufture  of  mountains,  beds  may  be 
frequently  seen,  as  in  Mount  Jura,  which  occu- 
py, as  it  were,  the  centre,  or  very  heart  of  the 
mountain,  and  which  are  perpendicular  to  the 
horizon  j  and  this,  in  those  of  primitive  as  well 
as  of  secondary  formation.  On  this  subjed, 
says  De  Saussure,  I  had  long  thought,  that  all 
beds  ought  to  be  horizontal;  and  that  those 
which  were  not  so,  had  been  so  placed  by  some 
revolution  in  the  earth.  But  in  consequence 
of  having  repeatedly  remarked  them,  and  that 
too  in  mountains  of  the  most  perfect  preserva- 
tion, which  to  all  appearance,  had  never  under- 
gone any  overthrow  or  disorder ;  and  having 
lourid  them  always  in  a  form  and  diredion  of 

the 


